
Quad Equalizer: Exploring the DS32EV400’s
High-Speed Digital Signal Equalization Technology

Features, specifications, applications, configuration, and design considerations

##

Introduction
High-speed digital communication depends on reliable signal transmission through cables, printed circuit board (PCB)

traces, and backplane connections. As signals travel through these media, losses can weaken the signal and introduce

deterministic jitter, making it harder for receiving equipment to recover data accurately. Equalization helps compensate

for transmission-channel loss and supports signal integrity in demanding digital systems.

The DS32EV400 DisplayPort Quad Equalizer from Texas Instruments is a programmable four-channel equalizer

designed for high-speed NRZ data paths. Its datasheet specifies operation up to 3.2 Gbps, eight programmable

equalization levels, and support for both AC- and DC-coupled data paths. The device is intended for DisplayPort, XAUI,

InfiniBand, and other high-speed transmission applications.

##

What Is the DS32EV400 Quad Equalizer?
The DS32EV400 compensates for losses introduced by a transmission medium. It provides four independent data

channels, allowing multiple differential signal paths to be equalized in one device. Each channel contains an equalizer

stage, a limiting amplifier, a DC offset correction block, and a current-mode logic (CML) output driver.

The datasheet states that the device can equalize up to 14 dB of channel loss at 3.2 Gbps. Its listed test results include

0.12 UI typical residual deterministic jitter at 3.2 Gbps for a 40-inch FR4 microstrip test channel with the specified

equalization setting and test pattern. These figures describe the datasheet’s stated test conditions and should not be

treated as a guarantee for every board or cable design.

Important distinction: this is a high-speed digital signal equalizer, not an audio graphic equalizer. It conditions

differential data signals in electronic communication links.

Key Features and Specifications

Parameter Datasheet detail

Data channels Four differential data channels

Maximum data rate Up to 3.2 Gbps

Equalization Eight programmable boost levels

Channel loss

compensation

Up to 14 dB at 3.2 Gbps, as stated in the datasheet

Configuration External control pins or SMBus interface

Supply voltage 2.5 V ±5% or 3.3 V ±10%



Parameter Datasheet detail

Typical power Datasheet lists 375 mW typical at 2.5 V in the feature summary;

electrical-characteristics tables provide operating-condition-specific power figures

Signal detection Independent signal-detect output for each channel

Power management Independent channel enable and standby control

Data coupling Supports AC or DC coupling, subject to datasheet requirements

Package 7 mm × 7 mm, 48-pin WQFN

Operating temperature −40°C to +85°C

How the Equalizer Works
A transmitted differential signal enters through one of the DS32EV400’s CML input pairs. The input stage includes

on-chip differential termination. The signal then passes through the equalizer, which applies a selected boost level to

compensate for frequency-dependent channel loss. A limiting amplifier and DC offset correction stage follow, and a

CML driver delivers the conditioned differential output to the next component.

Equalization strength should be selected to suit the actual channel. Too little compensation may leave the received

signal degraded; an unsuitable setting can also reduce overall signal quality. The datasheet’s boost table maps settings

to example FR4 trace lengths, twin-ax cable lengths, and channel-loss estimates. These are design guides rather than

substitutes for measurement and validation on the intended hardware.

Eight Programmable Equalization Levels
Each channel supports eight boost settings, selected through the BST[2:0] pins or through SMBus registers. With the

Force External Boost (FEB) pin high, the three boost pins select one setting that applies to all channels. With FEB low,

the boost settings can be configured individually through SMBus. FEB is internally pulled high, so the pin-based

method is the default when it is left unconnected.

The datasheet’s example boost table ranges from setting 000 for a nominal zero-loss channel to setting 111 for

approximately 14 dB of loss at 1.6 GHz, associated in the table with a 40-inch FR4 trace or 10 metres of 24-AWG

twin-ax cable. Actual channel behaviour depends on layout, materials, connectors, cable construction, and data rate.

SMBus Configuration and Monitoring
The DS32EV400 supports an SMBus 2.0-compatible physical interface for reading status and changing settings. The

chip-select (CS) pin must be high to enable access to the device’s configuration registers. Pulling CS low disables its

SMBus access so the host can communicate with other devices on the bus.

The datasheet identifies registers for status, channel enable and boost control, signal-detect thresholds, SMBus

control, and output level. The default output amplitude is 620 mV peak-to-peak, with selectable values of 400, 540, 620,

or 760 mV peak-to-peak. The signal-detect ON and OFF thresholds are independently configurable; the default values

are 70 mV and 40 mV peak-to-peak, respectively.

Designers should follow the specified bus voltage, pull-up, timing, and chip-select requirements. The SDA and SDC

pins use 3.3 V LVCMOS signaling and are not 5 V tolerant.

Signal Detection and Power Management



Each channel has its own signal-detect output and enable input. A signal-detect output goes high when the input

exceeds the configured ON threshold and goes low when the signal falls below the OFF threshold. Separate ON and

OFF thresholds provide a gap between the detection and de-detection points.

Channels can be placed in standby to reduce power consumption. The control interface and signal-detection circuitry

remain active in standby mode. For an automatic power-saving arrangement, the datasheet describes connecting each

channel’s SD output to its EN input with the default register configuration. When a valid signal is detected, the channel

can become active; when the signal drops below the OFF threshold, the channel returns to standby.

Unused channels should be placed in standby, as recommended by the datasheet.

Applications
DisplayPort: The DS32EV400 can help extend the reach of DisplayPort high-speed video lanes. The datasheet

describes a typical cable reach extension from around 6 metres to as much as 12 metres under its stated application

conditions. It also notes that the low-speed DisplayPort AUX channel typically does not require an equalizer.

Backplanes and line cards: High-speed links across FR4 traces and backplane assemblies can experience channel

loss. The four-channel architecture supports multiple differential lanes in switching and communication equipment.

XAUI and InfiniBand: These are listed in the datasheet among the intended applications, alongside other high-speed

data links and 8b/10b applications.

The appropriate boost level and channel configuration depend on the real signal path and the requirements of the

surrounding transmitter and receiver.

PCB Layout and Power-Supply Considerations
High-speed equalization performance depends on careful implementation. The datasheet recommends a controlled

differential impedance of 100 Ω for CML input and output pairs. Where practical, differential pairs should be routed on a

single PCB layer, especially at the inputs. Vias should be avoided where possible; if required, they should be used

sparingly and placed symmetrically on both sides of a differential pair. Signal routes should be kept away from noise

sources.

Power integrity is also important. The datasheet recommends low-inductance connections to power and ground planes,

a 0.01 µF bypass capacitor close to each VDD pin, and additional bypass capacitors in the 2.2 µF to 10 µF range

placed near the device.

For DC coupling, the input common-mode voltage must remain within the specified range, and the output must be

terminated as described in the datasheet. The document also recommends powering the DS32EV400 and downstream

receiver up and down together in DC-coupled arrangements to avoid unwanted activation of internal ESD structures.

Package, Supply, and Operating Conditions
The DS32EV400 is supplied in a 7 mm × 7 mm, 48-pin WQFN package with an exposed pad that must be connected to

the PCB ground plane. The recommended supply options are 2.5 V ±5% and 3.3 V ±10%, and the stated ambient

operating-temperature range is −40°C to +85°C. The datasheet warns that absolute maximum ratings are stress limits

and should not be interpreted as normal operating conditions.

The package addendum in the supplied PDF lists DS32EV400SQ/NOPB as active production, RoHS compliant, and

rated for an operating temperature of −40°C to +85°C. Product status and ordering information can change, so

engineers should confirm current information with the manufacturer before procurement.



Conclusion
The DS32EV400 is a four-channel programmable equalizer for high-speed differential data links. Its combination of

eight boost levels, SMBus configuration, per-channel signal detection, and standby control gives designers flexibility

when addressing signal loss across cables and PCB traces. Successful implementation still depends on choosing

suitable equalization settings, maintaining controlled differential routing, providing clean power, and validating the

complete channel under real operating conditions.

For design work, the manufacturer’s datasheet remains the authoritative source for pin assignments, register

definitions, electrical limits, timing, coupling requirements, and layout guidance.

Original Source PDF
The complete Texas Instruments DS32EV400 datasheet is appended after this article in the combined PDF. It contains

the original pin descriptions, electrical characteristics, SMBus register tables, functional diagrams, application notes,

performance diagrams, package information, and manufacturer disclaimer.

Source: Texas Instruments, DS32EV400 DisplayPort Quad Equalizer, document SNLS280F, originally published August 2007 and revised
April 2013, with package addendum information included in the supplied PDF.

Editorial note: This article summarizes the supplied datasheet and is not a substitute for the full manufacturer documentation or for
engineering validation.



