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INTRODUCTION
Digital input (DI) and digital output (DO) modules for automated industrial controllers have, historically, 
used discrete components in their design. Industry 4.0, the next revolution in the way factories run, will 
demand not only cloud control, but also faster throughput to maximize efficiency and profits. With the added 
requirement for more diagnostic features to increase uptime, all in a significantly smaller form factor with 
lower power, the challenge ahead becomes clear. The first step in the journey is for designers to become 
educated on the available integrated devices on the market, so that DI and DO modules can ultimately 
realize their performance potential. In this document, we present our current portfolio of integrated digital 
IO products and show how they can better rise to the challenge of Industry 4.0 demands compared to the 
traditional digital IO design approach.
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Digital Input Switching Characteristics
While DI cards may conform to a variety of input 
characteristics, the most commonly applied are IEC 61131-2 
Type 1, 2, and 3 (Figure 1).

Type 1 inputs sense signals from mechanical contact switching 
devices such as relays and pushbuttons. Type 1 may not be 
suitable for use with solid-state devices such as sensors and 
proximity switches.

Type 2 inputs sense signals from high-power, solid-state 
switching devices such as traditional two-wire proximity 
switches designed to IEC 60497-2. 

Type 3 inputs sense signals from low-power, solid-state 
switching devices such as state-of-the-art two-wire proximity 
switches but can also be used in Type 1 applications. These 
inputs have lower power characteristics than Type 2, thus 
allowing higher input channel densities per module.

DIGITAL INPUTS
Digital input cards are located within an industrial input/
output (IO) module. A DI card receives signals from industrial 
binary sensors or switches located throughout the factory 
floor, monitoring parameters such as liquid levels, proximity 
of objects, or the status of an on/off pushbutton switch on a 
piece of equipment. An input signal of 0V is recognized as a 
logical ‘0’ (or off) whereas a voltage level of 24V (typically) 
is a logical ‘1’ (or on). The purpose of the DI is to receive the 
signal from the sensor or switch, translate it to a lower logic 
level, and send it to a programmable logic controller (PLC) to 
perform an appropriate action (e.g. sending an output signal) 
depending on the status of the measured input signal. The 
requirement for galvanic isolation between the high voltages 
of the factory floor and the lower logic levels of the controller, 
as well as the need for high integration of channels in ever-
shrinking enclosures, complicates what might otherwise 
appear to be a reasonably straightforward task.
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Figure 1. Digital Input Characteristics According to IEC 61131-2
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VCC is present. It is available in a small, 6-lead SOT23 package, 
suitable for individually channel-isolated modules. A typical 
application circuit showing the MAX22191 configured as a 
48V current sinking input is shown in Figure 3.

The reduced heat dissipation of the MAX22191, when compared 
to the discrete digital input circuit for a 24V digital input signal, 
is illustrated in the thermal image shown in Figure 4.

Multiple-Channel Digital Inputs
While a single-channel integrated IC is an improvement on the 
discrete implementation, even higher levels of integration are 
required to implement 8, 16, 32, or even 64 DI channels that 
are common in the latest IO modules. However, multi-channel 
DI ICs bring their own challenges. The increased number of 
channels requires designers to think about how they wish 
to interface the channel to the controller – parallel or serial? 
While a serial data stream means fewer pins to isolate, it also 
means the isolator must function at the appropriate data rate 
for the bit stream. It must be scalable and requires some form 
of error detection to verify the integrity of the data stream 
during communication with the controller. On the other hand, 
a parallel data stream may appear to be simpler, but it requires 
a larger isolation IC for the multiple data channels. 

A complete portfolio of multi-channel DI ICs and companion 
products have been developed to address the many and 
varying requirements of the IO module designer, all of which 
are considered in the following sections.

Discrete Single-Channel Digital Input

A single DI channel has traditionally been implemented using 
discrete components. The circuit in Figure 2, based on a simple 
resistor-divider network with an optocoupler for isolation, is 
inexpensive and easy to design. The 24V DC input voltage is 
divided down to an appropriate level to drive the optocoupler, 
which signals the input logic level to the PLC.

The major disadvantage of this approach is that power 
consumption is high (up to 10mA, depending on resistor 
values) and will vary proportionally to the input voltage level. 
While it is possible to build a discrete current-limiting circuit, 
it can require more than ten components (increasing cost and 
area) and will consume current well above the ideal 2mA level 
for a Type 3 DI as specified in the IEC61131-2 standard. Clearly, 
for reasons of size and power consumption (with associated 
heat dissipation), a discrete circuit configuration is not 
suitable for high levels of integration into a small form-factor, 
high-density IO module. 

Single-Channel Integrated Digital Input 

An alternative to the discrete solution is to use a single-
channel integrated solution, such as the MAX22191. This 
current-limiting, parasitically powered DI is also an IEC 
61131-2-compliant, industrial DI IC that translates a 24V digital 
industrial input into a 2.4mA (typical) current for driving 
optical isolators. Voltage thresholds and current levels are 
also compliant with Type 1 and Type 3 inputs and support 
both current-sink and current-source applications. With the 
addition of external resistors, it can be made compliant with 
48V inputs. Operating power is derived from an external 
power source or, alternatively, from the input signal itself, 
eliminating the need for an external field-side power supply 
and therefore simplifying board wiring. A 250ns (max) 
fast response time makes it ideal for high-speed inputs. 
Additionally, a CMOS-compatible test input is available for 
safety diagnostics. Robust operation supports harsh industrial 
systems with input signals ranging from -60V to +60V. 
Integrated thermal shutdown further protects the device when 
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Figure 4. Thermal Comparison of MAX22191 with Discrete DI Circuit

Figure 2. Discrete DI with Basic Current Limiting

Figure 3. MAX22191 Typical Application Circuit

https://www.maximintegrated.com/en.html
https://www.maximintegrated.com/digital-io
https://www.maximintegrated.com/digital-io
https://www.maximintegrated.com/en/products/MAX22191


Industrial Digital IO Design Guide www.maximintegrated.com

7www.maximintegrated.com/digital-IO

Octal Digital Input with Serial Output 

The MAX22190 octal digital input IC translates eight, 24V 
current-sinking, industrial inputs to a serialized SPI-compatible 
output that interfaces with 3V to 5.5V logic. A current-setting 
resistor allows it to be configured for Type 1, Type 2, or Type 3 
inputs. Robust internal ESD structures mean it can withstand 
up to 1A surge current and line-to-ground voltage surge up 
to 1kV (with external resistors but with no requirement for an 
external TVS). Energy-less, field-side LED drivers can be used 
to indicate input status. Where more than eight channels are 
required, multiple devices can be daisy-chained together as 
shown in Figure 5.

Additional diagnostics include verification of field wiring for 
sensors, such as proximity switches, by a second threshold 
detector on each input. When the wire-break detect feature 
is enabled, a FAULT output is asserted, and a register flag is 
set if the input current drops below the wire-break threshold 
for more than 20ms. Other diagnostics that assert the FAULT 
output include: overtemperature, low 24V field supply, 24V 
field supply missing, and CRC communication error. For robust 
operation in industrial environments, each input includes a 
programmable glitch filter. The filter delay on each channel 
can be independently programmed to one of eight values 
between 50μs and 20ms, or filter bypass. The MAX22190 has 
a 4-pin SPI interface and, in addition, uses a LATCH input to 

synchronize input data across multiple devices in parallel. The 
field-side accepts a single 7V to 65V supply. When powered 
by the field supply (typically 24V), the device generates a 3.3V 
output from an integrated LDO regulator, which can provide up 
to 25mA of current for external loads (such as a digital isolator). 
Alternatively, the device can be directly powered from a 3.0V 
to 5.5V logic side supply. This has the advantage of further 
reducing power dissipation since the internal LDO is disabled. 
For flexibility, the SPI interface operates at 3.3V or 5V logic 
levels. Figure 6 illustrates how two inputs can be connected 
in parallel to configure the MAX22190 as a Type 2 DI with 
increased current limits set by the REFDI resistor, as required.

VDD

GND

2.5V

MCU

0.1µF

SCLK

SDI

SDO

CS

GPI

GPO

GPI or INT

2.5V

VDDA

GNDA

OAUX

OSDI

OSCLK

OCS

SBA

IRDY

ISDO

IFAULT

VDDB

GNDB

IAUX

ISDI

ISCLK

ICS

SAA

OSDO

OFAULT

SDOEN

LO
G

IC
 S

ID
E

FI
EL

D
 S

ID
E

VDD24

CS

SDO

SCLK

FAULT

VDD

GND

24V

READY

IN1

LED1

IN2

LED2

IN8

LED8

REFWB

REFDI

LATCH

VL

3.3V

VDD24

CS

SDO

SDI

SCLK

FAULT

VDD

GND

24V

READY
IN1

LED1

IN2

LED2

IN8

LED8

REFWB

REFDI

LATCH

VL

3.3V

M1
M0

3.3V

M1
M0

3.3V

SDI

0.1µF0.1µF10µF

0.1µF

1000pF

1000pF

1000pF

4.7kΩ

4.7kΩ

4.7kΩ

1000pF

1000pF

1000pF

150Ω

7.5kΩ

24kΩ

1.5kΩ

1.5kΩ

1.5kΩ

7.5kΩ

24kΩ

1.5Ωk

1.5kΩ

1.5kΩ

0.1µF

MAX22190

MAX22190

MAX14483

CS

SDO

SCLK

FAULT

READY

REFDI

M1

M0

SDI

4.7kΩ  

IN1

LED1

REFW B

1000pF

1000pF

IN2

LED2

IN7

LED7
1000pF

1000pF

IN8

LED8

CH1

CH4

VL

4.7kΩ 

VL

CS

MISO

SCLK

GPI

MOSI

GPI

MCU

LATCH GPO

0.1µF 0.1µF

VDD24 VDD VL

5.2kΩ  

24kΩ  

1kΩ  

1kΩ  

1kΩ 

1kΩ 

GND

VDD24 VDD = VL = 3.3V 

VL

GND

24V

10µF

150Ω 

1µF

MAX22190 IMPLEMENTING A 4-CHANNEL TYPE-2 DIGITAL INPUT SERIALIZER

MAX22190

Figure 5. 16-Input SPI Daisy-Chain with MAX22190 Configured  
as a Type 1 or 3, and MAX14483 SPI Isolator

Figure 6. MAX22190 Configured as a Type 2 DI

https://www.maximintegrated.com/en.html
https://www.maximintegrated.com/digital-io
https://www.maximintegrated.com/digital-io
https://www.maximintegrated.com/en/products/MAX22190


Industrial Digital IO Design Guide www.maximintegrated.com

8 www.maximintegrated.com/digital-IO

Octal Digital Input with Serial Output and Integrated Isolation

An alternative to the MAX22190 is the MAX22192, which 
provides the added benefit of integrated galvanic isolation 
of the SPI interface. It translates eight, 24V current-sinking 
industrial inputs to the isolated serialized SPI-compatible 
output that interfaces with 1.71V to 5.5V logic voltage.  
A current-setting resistor allows the MAX22192 to be 
configured for Type 1, Type 2, or Type 3 inputs. Field-wiring 
is verified for sensor inputs and a wire-break by a second 
threshold detector on each input. When wire-break is enabled, 
the LFAULT output is asserted and a register flag is set if the 
input current drops below the wire-break threshold for more 
than 20ms. It is configured for different parameters based 
upon the application requirements. The MCU can write to 
the various registers to set the options for wire-break, input 
channel filters (which enable different fault sources) or to 
disable specific input channels. In addition, the user can 
enable features such as driving the LED matrix or making the 
LFAULT pin sticky. Once the configuration is complete, the 
MAX22192 is ready to be polled to read from the DI register 
to show the logic state of the eight input channels. Additional 
diagnostics that assert LFAULT include: overtemperature, 
low 24V field supply, 24V field supply missing, and CRC 
communication error. 

For robust operation in industrial environments, each input 
includes a programmable glitch filter. The filter delay on each 
channel can be independently programmed to one of eight 
values between 50μs and 20ms, or filter bypass. In addition 
to the isolated 4-pin SPI interface, an isolated LLATCH 
input allows synchronization of input data across multiple 
devices and an isolated LFAULT output instantly alerts the 
host of any diagnostic issues. The field-side accepts a single 
7V to 65V supply. When powered by the field supply, a 
3.3V output is generated from an integrated LDO regulator, 
which can provide up to 25mA of current for external loads. 
Alternatively, the field side of the MAX22192 can be powered 
from a 3.0V to 5.5V supply. The logic-side is powered from 
a single 1.71V to 5.5V supply to interface with 1.8V, 3.3V, or 
5V logic levels. The MAX22192 has an isolation rating of 
600VRMS for 60s and is available in a 70-pin GQFN package 
with 2.3mm clearance and creepage. The package material 
has a minimum comparative tracking index (CTI) of 400V, 
which gives it a group II rating in creepage tables. 

As shown in Figure 7, for applications requiring more than 
eight inputs, the MAX22192 can be daisy-chained with the 
MAX22190, where it provides the isolated SPI path to the 
microcontroller.
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Digital Inputs ICs Portfolio Summary 
The portfolio of Digital Input ICs is summarized in Table 1.

Octal Digital Input with Parallel Output 

The MAX22195 (Figure 8) translates eight 24V industrial 
digital inputs to eight CMOS-compatible, parallel outputs. 
Propagation delay from input-to-output is less than 300ns for 
all channels. High-accuracy current-limiters on each digital 
input greatly reduce power dissipation compared to traditional 
resistor-divider inputs while ensuring compliance with 
the IEC 61131-2 standard. A current-setting resistor allows 
configuration for Type 1, Type 2, or Type 3 inputs. Additionally, 
energy-less field-side LED drivers meet the indicator 
light requirement of IEC 61131-2 with no additional power 
dissipation. The internal LDO accepts a field supply voltage 
from 7V to 65V. In addition to providing device power, the 
3.3V LDO output can supply up to 25mA of current to power 
digital isolators and other field-side circuits. Alternatively, the 
MAX22195 can be powered from a 3.0V to 5.5V supply.

Figure 8. MAX22195 with Parallel Interface
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Table 1. Digital Input ICs

Part No.
No. of 

Channels Isolation
Type 1, 2, 3- 
Compliant

Output 
Interface

MAX22191 1 External 
Optocoupler 1, 3 Current or 

Voltage

MAX22190 8 External 
Isolator IC 1, 2, 3 Serial 

Voltage

MAX22192 8 Internal 1, 2, 3 Serial 
Voltage

MAX22195 8 External 
Isolator IC 1, 2, 3 Parallel 

Voltage
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DIGITAL OUTPUTS 
Digital outputs are signals which drive various industrial 
control devices that perform functions based on the controller 
output state. They include devices such as relays, motor 
actuators, on/off valves, solenoids, and indicators. Digital I/O 
signals can range in value from 0V (for off) to 60V (for on), 
although they typically range from 0 to 24V. These voltage 
levels are relatively high to ensure that the intended state 
can be reliably determined by a receiver after the signal has 
traversed a long cable within an electrically noisy environment. 
Discrete designs for DO cards are common, and there are a 
variety of design approaches such as a parallel drive directly 
from the local micro or a deserializer connected to individual 
or multichannel FET drivers. The result may look like the model 
shown in Figure 9. 

In the model, discrete MOSFETs may be integrated into 
the driver or may be external to it. There are advantages to 
both scenarios. Integrated FETs save space while external 
FETs provide more flexibility in terms of the wider range of 
performance available for voltage and current blocking. Many 
of the FET drivers in the market have undervoltage lockout 
(UVLO) to make sure supply voltage levels are sufficient for 
proper operation. Some also have a temperature shutdown 
mode in case of an abnormal rise in temperature or a short-
circuit/high current occurrence. This feature is helpful in 
preventing damage to the die or part itself and alerts the 
system of such a condition. Moreover, DO designers must 
ensure the driver in the DO module can handle all kinds of 
loads, predominately inductive and resistive loads but also 
some capacitive loads. Multi-channel digital output drivers 
with integrated FETs are better known as industrial high-side 
switches. They provide many diagnostic and configuration 
settings for a wide variety of performance options. Several DO 
driver ICs are described in the following sections.

Octal, High-Speed, Industrial, High-Side Switch
The MAX14900E (Figure 10) is an octal power switch that 
allows per-channel configuration for high-side or push-pull 
operation. Low propagation delay and high-rate load-switching 
support high-speed industrial systems. Each high-side switch 
sources 850mA continuous current with a low 165mΩ (max) 
on-resistance at 500mA and TA = +125°C and 2μs (max) 
input-to-output propagation delay when driving resistive 
loads. Long cables can be driven with switching rates of up 
to 100kHz for PWM/PPO control in push-pull operation. 
Multiple high-side switches can be connected in parallel to 
achieve higher drive currents. The device operates from a wide 
supply input range of 10V to 36V. 

Figure 9. Discrete Digital Output Model
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Figure 10. MAX14900E Typical Application Circuit
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Digital Output ICs Portfolio Summary 
The portfolio of DO ICs is summarized in Table 2.

Table 2. Digital Output Driver ICs

The MAX14900E is configured, monitored, and driven by 
an SPI and/or parallel interface. In parallel mode, eight logic 
inputs directly control the outputs and the serial interface 
can be used for configuration and monitoring. Serial mode 
utilizes the serial interface for both setting and configuration 
and includes CRC error detection to ensure robust SPI 
communication. Current limiting and per-channel thermal 
shutdown protect each switch/driver. A global diagnostic 
output and per-channel diagnostics and monitoring are 
available through the serial interface.

Octal High-Speed, High-Side Switch/Push-Pull 
Driver with Safe Demagnetization
The MAX14912 and MAX14913 (Figure 11) integrate eight, 
640mA smart high-side switches that can also be configured 
as high-side switches or push-pull drivers for high-speed 
switching. The propagation delay from input to switching of 
the high-side/low-side drivers is 1μs (max). Each high-side 
driver has a low on-resistance of 230mΩ (max) at 500mA 
load current and TA = +125°C. The device is configured and 
controlled either through multiple pins or the SPI interface. 
The SPI interface is daisy-chainable, which allows efficient 
cascading of multiple devices. SPI also supports command 
mode for the highest detailed diagnostic information. The 
MAX14912 allows configuration through SPI in parallel 
and serial setting modes, while the MAX14913 supports 
configuration through SPI in the serial setting mode only. 
Open-load detection in high-side mode detects both open-
wire conditions in the switch on/off states, and LED drivers 
provide indication of per-channel fault and status conditions. 
Internal active clamps quickly accelerate the shutdown of 
inductive loads in high-side mode. During turn-off of inductive 
loads by the high-side switch, the kickback voltage generated 
by the inductance is clamped to a voltage of -56V (typ) 
relative to VDD. Large inductance and higher initial currents 
in the inductive load increase the time until the inductance 
is demagnetized. This large energy is dissipated in the 
device through the voltage clamp. The devices feature safe 
demagnetization, which allows inductive loads of any value to 
be turned off. In high-side mode, there is no maximum for the 
inductive load that can be switched by the outputs.

Figure 11. MAX14912/MAX14913 Typical Application Circuit
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Designing Digital Output Modules for  
High Current Loads

Resistive Loads

For resistive loads, many legacy systems on factory floors still 
use filament lamps for indication instead of LEDs. Filament 
lamps are one of the most difficult type of indicator to drive. 
The filament cools during the lamp’s off time which decreases 
its resistance to about 20Ω. Subsequent turn-on of the lamp 
will demand high current (approximately 1A), causing the 
driver to trip because of a short circuit. After the filament 
heats up and settles, the resistance goes up to a few hundred 
ohms, and the current required is in the tens of milliamps 
range which is less taxing for the outputs (Figure 12). Drivers 
for resistive loads must be designed with this in mind. 

Inductive Loads and Diode Protection

Typical inductive loads present on the factory floor include 
motors, solenoids, and electromechanical relays. Inductive 
kickback (surge) occurs when an electrically generated field 
collapses. A voltage spike occurs over the load in the opposite 
direction (polarity) to maintain the current flow. This fast and 
large voltage potential is also imposed on the FET or transistor, 
where it can be high enough to cause electrons to jump across 
the junction, possibly causing irreparable damage, or at the 
very least, shortening the life of the device. In a practical 
circuit, the most common solution to discharge the inductive 
load (Figure 13), uses a free-wheel diode. In this circuit, while 
the switch is closed, the diode is reverse-biased and does not 
conduct any current. When the switch opens, the negative 
voltage across the inductor forward biases the diode, allowing 
the stored energy to decay by conducting the current through 
the diode until steady state is reached and the current is zero. 

The diode must handle the initial current at turnoff, which 
equals the steady-state current flowing through the inductor 
when the switch is closed. In addition, the voltage rating for 
the diode needs to handle the swing between positive and 
negative-voltage levels. A rule-of thumb is to select a diode 
rated for at least the amount of current the inductor coil draws 
and at least twice the voltage rating of the operating voltage 
of the load. For industrial applications that have many output 
channels per IO card, this diode is quite often physically 
large and adds significant cost to the BOM. The other major 
disadvantage of the simple freewheel diode approach is that 
it lengthens the decay of current through the inductor and 
the slow decay of current creates problems such as "sticking" 
between relay contacts. For applications where the current 
must decay more quickly, an alternative solution is to use a 
Zener diode, as shown in Figure 14, which gives a faster current 
ramp rather than an exponential decay. When the switch 
opens, the current is shunted through the general-purpose 
diode and Zener diode path. This maintains a voltage equal 
to the Zener voltage (plus the forward diode drop) until the 
inductor energy is dissipated. 

Figure 12. Startup Current for Typical Filament Bulb

Figure 13. Freewheel Diode

Figure 14. Zener Diode for Faster Current Decay
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Active Clamping Using MOSFETs

For industrial applications, the 'switch' is usually a MOSFET. 
When a MOSFET turns off while switching an inductive load 
(if no protection is available), the voltage across the drain and 
the source (VDS) increases until the MOSFET breaks down. 
Modern high-side switches frequently use a technique called 
active clamping (Figure 15) that limits VDS when switching 
inductive loads to protect the MOSFET. When the switch is 
closed, the MOSFET operates fully on in saturation mode (RDS 
is low), but when the switch is opened, the MOSFET is driven 
into its linear mode where RDS is higher resistance. The load 
demagnetizes quickly during the active clamp because a larger 
voltage (VDD - VCLAMP) dissipates the stored energy. The 
larger the voltage difference, the faster the demagnetization. 
Therefore, switch IC vendors often refer to this feature as  
’fast-demag.’

During demagnetization, the MOSFET dissipates more power 
than the load since the voltage across the MOSFET is higher 
than the load voltage. This means that for each switch there 
is a maximum inductive load and load current that can be 
supported; otherwise, the MOSFET will have thermal issues 
during active clamp mode. 

It is the responsibility of the system designer to ensure that 
the switch (MOSFET) can handle the higher power that is 
dissipated during the turn-off mode. Otherwise, the increase 
in junction temperature can cause stress and possible damage 
to the switch device. This condition is worse for multi-channel 
switches that are popular in industrial control applications.

Safe Demagnetization

Although high-side switches typically have overcurrent and 
overtemperature detection features, during active clamp mode 
(fast demag), the current is controlled by the energy in the 
load so no protection (current or temperature) is active during 
this mode. To solve the issue of excessive energy dissipation 
during fast demag and the thermal issues of the MOSFET, the 
MAX14912 and MAX14913 octal high-speed switches employ 
a new architecture called safe demagnetization (safe demag). 

Safe demag (Figure 16) works in conjunction with the fast 
demag circuitry and allows the MAX14912/MAX14913 to 
safely turn off loads with unlimited inductance. Under normal 
turn-off, the high-side MOSFET works in linear mode to 
dissipate the inductor energy using the fast demag feature. 
If the energy in the inductor, and hence the demagnetization 
current, is too high, the high-side MOSFET begins to overheat. 
At this point, an on-chip temperature sensor alerts the control 
logic to turn off the high-side MOSFET and turns on the 
low-side MOSFET, which provides a low voltage (and hence 
low power) alternative path for the demagnetization current.  
This allows the high-side MOSFET to cool and return to safe 
operating limits.

Figure 15. High-Side Switch (MOSFET) with Active Clamp

Figure 16. Current Paths for Safe Demagnetization  
Using Low-Side MOSFET

L

RL

L0AD

D

S
G

+24V

VLOAD

VDS

VCLAMP

GATE-DRAIN
ACTIVE CLAMP

IL

MOSFET OPERATION

SATURATED FAST DEMAG 

LO
A

D
 

CU
RR

EN
T

V
O

LT
A

G
E

+25V

-V SOURCE VOLTAGE VS = 24V-VCLAMP 

TIME

0V

IL

TIME

TDEMAG

CUT OFF

ACTIVE CLAMP

D

S
G

+24V

VCLAMP

FAST DEMAG

L

RL

LOAD

D

S
G

+24V

VCLAMP

SAFE DEMAG

L

RL

LOAD

VOUT = 24V - VCLAMP 

= 24V - 55V = -31V
VOU T = I RON_FET

        = 1A × 1Ω  
        = 1V 

* PATENTED 
FET SWITCH

×

https://www.maximintegrated.com/en.html
https://www.maximintegrated.com/digital-io
https://www.maximintegrated.com/digital-io


Industrial Digital IO Design Guide www.maximintegrated.com

14 www.maximintegrated.com/digital-IO

Inductive Load Switching Tests

The Underwriter Laboratory’s 508 Industrial Control 
Equipment standard is an industry standard that defines the 
requirements for industrial control devices and specifies a 
maximum load of 48Ω and 1.15H. For the following tests, this 
standard load demonstrates and compares the performance 
of various high-side switch products with the different 
demagnetization schemes previously discussed. All the switch 
products are octal-channel devices while one channel is used 
for the test as shown in Figure 17 to demonstrate the benefit 
of higher clamp voltage for fast demagnetization versus 'slow 
demagnetization' using free-wheel diodes.

For this analysis, we assume the switch close-opening time is 
much larger than tDEMAG to allow the energy in the inductor to 
dissipate and the switch to reach a steady-state off condition 
before it is turned on again. Tests are conducted using the 
MAX14900E and MAX14912 as shown in Table 3.

Table 3. Inductive Load Switching Tests

Test 1: Free Wheel Diode ("Slow Demag")

The MAX14900E evaluation kit, MAX14900DEVBRD, 
operates in parallel mode and uses two MURA205T3G 
diodes connected from each OUTPUT channel to VDD and 
GND to implement a free-wheel diode scheme. The input is 
a 1Hz square wave. Figure 18 shows the waveforms—Channel 
1 (yellow) is the input signal, Channel 2 (magenta) is the 
output voltage, and Channel 4 (green) is the inductive load 
current. As expected, the diodes limit the voltage swing to < 
1V below ground and the demagnetization is relatively slow at 
approximately 94ms.

Test 2: Fast Demagnetization 

For this test, the MAX14912 outputs operate in parallel 
mode with a 1Hz square-wave input. Figure 19 shows the test 
waveforms. Channel 1 (yellow) is the input signal, Channel 2 
(magenta) is the output voltage, and Channel 4 (green) is the 
inductive load current. The first scope shot shows the clamp 
voltage and the second scope shot the demag time.

Summary for Fast Demagnetization

As expected, the fast demag function provides a faster 
demagnetization time than the simple freewheel diode 
scheme. The higher clamp voltage of the MAX14912 (57V) 
gives a demagnetization time of only 15.4ms.

Figure 17. Test Circuit for Switching Inductor Loads for One Channel

Figure 18. MAX14900E with Free-Wheel Diode
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Test 3: Safe Demagnetization 

In order to stress the switch, all eight-output channels were 
switched simultaneously. The load for each output is 1.5H and 
27Ω. The inputs are driven from a common input signal, which 
is a 2Hz square wave. The test circuit is shown in Figure 20.

All tests are at room temperature with a 24V power supply. 
The scope shots for MAX14912 in Figures 21, 22, and 23 show 
the test waveforms—Channel 1 (yellow) is the input signal, 
Channel 2 (magenta) is the output voltage, and Channel 4 
(green) is the inductive load current.

In Figure 21 and Figure 22, the safe demag feature can be seen 
operating. When the fast demag clamp starts to overheat, the 
safe demag starts operating, causing the output voltage to return 
to 0V while the low-side switch is bleeding off the inductor 
energy. As the MAX14912 cools, it returns to high-side "fast 
demag" and the output voltage returns to a negative value as 
defined by the clamp voltage. The total demag time is increased 
but the inductor current decays smoothly as the energy is 
dissipated. The MAX14912 continues to run as shown in Figure 23 
with no overheating issues caused by excess inductive loading.

These tests were conducted at room temperature so the 
performance of devices without safe demag would be even 
worse when operated at higher temperatures as found in 
many industrial applications.

Test Conclusions

System engineers have several different solutions for safely 
switching inductive loads, which are critical for industrial 
applications. The data presented demonstrates that using a 
freewheel diode for slow demag is good, using an active clamp 
for fast demag is better, but products using our safe demag 
feature provide the best solution to this problem.

Figure 20. Test Circuit for Simultaneously Switching Inductor  
Loads for All Eight Channels 

Figure 21. MAX14912 Switching Inductor Loads for All Eight Channels 
Simultaneously

Figure 22. MAX14912 Switching Inductor Loads for All Eight Channels 
Simultaneously with Safe Demag

Figure 23. MAX14912 Switching Inductor Loads for All Eight Channels 
Simultaneously Running Continuously
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CONFIGURABLE DIGITAL INPUT/OUTPUT

High-Side Switch with Push-Pull Driver Option and 
Digital Input Configuration
The MAX14914 (Figure 24) is a high-side/push-pull driver 
that operates as both an industrial digital output and an 
industrial digital input as required. The MAX14914 is specified 
for operation with supplies up to 40V. The high-side switch 
current is resistor settable from 135mA (min) to 1.3A (min). 
The high-side driver’s on-resistance is 120mΩ (typical) at TA = 
+125°C. Optional push-pull operation allows driving of cables 
and fast discharge of load capacitance. The output voltage is 
monitored for safety applications. The MAX14914 complies 
with Type 1, Type 2, or Type 3 input characteristics when 
configured for DI operation. 

DIGITAL IO COMPANION ICs
Isolations ICs which are suitable for application with the DI or 
DO products previously discussed are described in more detail 
in the following sections.

6-Channel SPI Digital Isolator
The MAX14483 is a general-purpose SPI isolator with extra 
channels for control signals, that are optimized for MAX22190 
but will work equally with other SPI devices such as the 
MAX14912. The six signal channels are individually optimized 
for SPI applications and include very low propagation delay 
on the SDI, SDO, and SCLK channels. The SDO channel’s 
tri-state control allows a single MAX14483 to isolate multiple 
SPI devices. To simplify system design, an open-drain FAULT 
output can be wire-ORed with error outputs from other 
devices. In addition, an auxiliary channel is available for 
passing timing or control signals from the master side to 
the slave side.  Power monitors are provided for both power 
domains to signal if the opposite side of the isolator is ready 
for operation. Independent 1.71V to 5.5V supplies on each 
side of the isolator also make the device suitable for use as 
a level translator. The MAX14483 has an isolation rating of 
3.75kVRMS for 60s and is available in a 20-pin SSOP package 
with 5.5mm of creepage and clearance. The package material 
has a minimum comparative tracking index (CTI) of 400V, 
which gives it a group 2 rating in creepage tables. It is rated 
for operation at ambient temperatures of -40°C to +125°C. 
Power consumption is as low as 0.77mW per channel (SCLK = 
10MHz, VDD = 1.8V). Figure 25 illustrates how the MAX14483 
can be used in daisy-chain mode to drive two 8-channel 
MAX14912 DO drivers. 

Figure 24. MAX14914 Functional Diagram

Figure 25. MAX14483 SPI Isolator Application Circuit
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Reinforced, Fast, Low-Power, Four-Channel  
Digital Isolators
The MAX22444, MAX22445, and MAX22446 (Figure 26) 
are reinforced, fast, low-power, 4-channel digital galvanic 
isolators. These devices transfer digital signals between 
circuits with different power domains, using as little as 
0.74mW per channel at 1Mbps (1.8V supply). Reinforced 
isolation provides a withstand voltage rating of 5kVRMS for 
60s. All possible unidirectional channel configurations are 
supported to accommodate any 4-channel design, including 
SPI, RS-485, and digital I/O applications. 

Output enable for the A side of the MAX22445R/S/U/V is 
active-low, making it ideal for isolating a port on a shared SPI 
bus since the CS signal can directly enable the MISO signal 
on the isolator. All other output enables in the MAX22444–
MAX22446 family are the traditional active-high. All channels 
on the MAX22444–MAX22446M/N are always enabled, 

however, the default state of the outputs of these devices is 
selectable. Devices are available with a maximum data rate of 
either 25Mbps or 200Mbps, and with outputs that are either 
default-high or default-low. The default is the state the output 
assumes when the input is either not powered or is open circuit.  

Isolated ADCs with Integrated DC-DC
The MAX14001 and MAX14002 (Figure 27) are isolated, 
single-channel analog-to-digital converters (ADCs) with 
programmable voltage comparators and inrush current 
control optimized for configurable binary input applications. 
Integrated isolation of 3.75kVRMS is provided between the 
binary input side (field-side) and the comparator output/
SPI-side (logic-side). An integrated, isolated, DC-DC 
converter powers all field-side circuitry, which allows field-
side diagnostics to be run while no field side power is needed. 
The 20-pin SSOP package provides 5.5mm of creepage and 
clearance with a Group II CTI rating. These devices continually 
digitize the input voltage on the field-side of an isolation 
barrier and transmit the data across the isolation barrier 
to the logic-side of the device where the magnitude of the 
input voltage is compared to programmable thresholds. The 
binary comparator output pin is high when the input voltage 
is above the upper threshold and low when it is below the 
lower threshold. Response time of the comparator to an 
input change is less than 150μs with filtering disabled. With 
filtering enabled, the comparator uses the moving average of 
the last 2, 4, or 8 ADC readings. Both filtered and unfiltered 
ADC readings are available through the 5MHz SPI port, which 
is also used to set comparator thresholds and other device 
configurations. 

Figure 26. MAX2244x Typical Application Circuit
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The MAX14001 and MAX14002 are used in binary input 
applications by utilizing current control features or by using an 
isolated ADC for monitoring with a threshold programmable 
comparator. A typical application circuit for the MAX14001/
MAX14002 is shown in Figure 28.

IEC 61000-4-X Transient Immunity Standards
The International Electrotechnical Commission is an 
international standards organization that prepares and 
publishes international standards for all electrical and 
electronic equipment and related technologies. The IEC has 
developed transient immunity standards which have become 
minimum requirements to which equipment manufacturers 
adhere. The basic standards for immunity are known as IEC 
61000-4-X. Three of the IEC standards deal with transient 
immunity: 

• IEC 61000-4-2: Electrostatic Discharge (ESD) 

• IEC 61000-4-4: Electrical Fast Transient/Burst (EFT)

• IEC 61000-4-5: Surge Immunity 

The following sections provide a summary of each of the 
transient immunity standards.

IEC61000-4-2 – Electrostatic Discharge (ESD) 
Standard
This ESD standard, covering surges of tens of nanoseconds of 
duration, is more stressful than other standards such as the 
Human Body Model (HBM) or Machine Model (MM), both 
of which are routinely tested for all our products. See the test 
circuit shown in Figure 29.

Discharge into equipment may occur through direct contact 
(Contact Discharge method) or just prior to contact (Air Gap 
Discharge method). Contact discharge is the preferred test 
method, but air discharge is used where contact discharge 
cannot be applied. A typical ESD test is shown in Figure 30.

Contact Discharge method: A sharp electrode on the test 
generator is held in contact with the Equipment Under Test 
(EUT), and the discharge actuated by the discharge switch 
within the generator.

Air Gap Discharge method: A round-tipped charged electrode 
on the test generator is brought close to the EUT, and the 
discharge is actuated by a spark to the EUT.

Figure 28. MAX14001/MAX14002 Typical Application Circuit

Figure 29. IEC 61000-4-2 ESD Test Circuit

Figure 30. ESD Testing
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IEC 61000-4-2 specifies the ESD test current waveform and 
parameters as shown in Figure 31. The rise time is extremely 
fast, defined as 0.7ns to 1ns, with a second peak at 30ns and a 
total duration of only 60ns. An ESD test generator is used with 
a “sharp point’ to make direct connection to the DUT (pin) 
under test for Contact ESD testing, and a “round tip” is added 
to the generator for Air Gap ESD testing.

The ESD testing procedure that is followed is shown in Table 4.  

Table 4. ESD Testing Procedure 

IEC 61000-4-4 – Electrical Fast Transient (EFT) 
Standard
Electrical fast transients occur because of arcing contacts 
in switches and relays. EFT disturbances are common in 
industrial environments where electromechanical switches are 
used to connect and disconnect inductive loads. IEC 61000-
4-4 specifies the EFT threat in both power and data lines. 
The electrical fast transient is described in terms of a voltage 
across a 50Ω load from a generator having a nominal dynamic 
source impedance of 50Ω. The output occurs as a burst of 
high-voltage spikes at a repetition rate of 5kHz or 100kHz. 
The burst length is defined as 15ms with bursts repeated every 
300ms. Each individual burst pulse is a double exponential 
waveform with a rise time of 5ns and a total duration of 50ns. 
The EFT waveform, with burst repetition rate and burst period 
is shown in Figure 32. A capacitive coupling clamp provides 
the ability to couple the fast transients (burst) from the EFT 
generator without any Galvanic connection to the part.

Figure 31. ESD Test Waveform

Figure 32. EFT Testing Waveforms
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Function Requirements

Output Voltage Up to 8kV (nominal) for contact discharge  
Up to 15kV (nominal) for air gap discharge

Polarity of the output voltage Positive and negative

Holding time At least 5 seconds

Number of applications 10 consecutive ESD discharges for each 
polarity
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The EFT testing procedure for our digital IO products, typically 
performed using Maxim evaluation kits, is shown in Table 5.

Table 5. EFT Testing Procedure

IEC 61000-4-5 – Surge Standard
IEC 61000-4-5 addresses the most severe transient conditions 
on both power and data lines. These are transients caused 
by lightning strikes and switching. Switching transients may 
be the result of power system switching, load changes in 
power distribution systems, or short-circuit fault conditions. 
Lightning transients may result from a direct strike or induced 
voltages and currents due to an indirect strike. The IEC 
61000-4-5 standard defines a transient entry point and a set 
of installation conditions. The transient is defined in terms of a 
generator that produces a given waveform and has a specified 
open circuit voltage and source impedance. Two surge 
waveforms are specified: the 1.2/50μs open-circuit voltage 
waveform and the 8/20μs short-circuit current waveform. The 
voltage waveform is shown in Figure 33 and the test procedure 
used for our Digital IO products in Table 6.

Table 6. Surge Testing Procedure

A summary of the MAX22190EVKIT transient immunity 
target results is shown in Table 7.

Table 7. Transient Immunity Target Test Results for 
MAX22190EVKIT

Testing Setup

A typical test setup for IEC immunity testing is shown in  
Figure 34. For surge testing, a 40Ω + 0.5μF coupling/
decoupling network is used with the surge generator.  
For Electrical Fast Transient (EFT) testing, a capacitive clamp 
is used with the EFT generator.

Figure 33. Surge Voltage Waveform Figure 34. Test Setup
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Function Description

Polarity Positive and negative

Test Voltage Up to ±4kV

Repetition Frequency 5kHz

Burst Duration 15ms (at 5kHz)

Burst Period 300ms

Signal Applied To Input ports and voltage supply

Test Duration 60 seconds

Function Description

Polarity Positive and negative

Test Voltage Up to ±4kV

Waveform parameters
Front time 1.2μs
Time to half-value 50μs

Signal Applied To Input port-to-input port, Input port-to-ground

Repetition Rate 1 per minute

Test Result

IEC 61000-4-2 Electrostatic 
Discharge (ESD)

Contact ESD ±8kV

Air Gap ESD ±15kV

IEC 61000-4-4 Electrical Fast 
Transient/Burst (EFT)

Input Line ±1kV

Power Supply ±1kV

IEC 61000-4-5 Surge Immunity
Line-to-Line ±2kV

Line-to-Ground ±1kV
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Digital Input System Design Recommendation for 
Transient Immunity Performance
Our DI products use internal ESD structures, built using a 
proprietary process technology to ensure high surge and ESD 
protection (±8kV contact ESD and ±15kV Air Gap ESD using 
minimum 1kΩ resistor) for the ICs themselves. However, 
because the IEC standards are for equipment rather than ICs, 
we perform board level testing of our ICs (using EV kits in 
typical application conditions) along with external support 
devices such as TVS diodes to demonstrate compliance with 
the IEC standards.  

Selecting Protection Devices
The MAX22190 (shown in Figure 35), the MAX22192, and the 
MAX22195 DI ICs are configured with external components 
to achieve certain transient immunity levels. The external 
components required to achieve high protection standards 
include input series resistors, transient voltage suppressor 
(TVS) diodes, and Y capacitors. 

Input Series Resistor

A minimum 1kΩ pulse withstanding or MELF input series 
resistor is required (for 1kV line-ground surge protection). 
For example, CMB0207 provides up to 3kW single-pulse 
capability while CRCW2512-HP provides up to 4kW single-
pulse capability 

Transient Voltage Suppression (TVS) Diode 

TVS diodes help meet the ESD transient immunity 
requirements of IEC 61000-4-2. The extremely fast response 
time of the TVS diode is essential for responding to the 1ns 
rise time of the ESD pulse. Additionally, TVS diodes can clamp 
the incoming transient to a low enough level to not cause 
damage to the protected device. In selecting a TVS diode, the 
following points need to be considered:

• The VDD24 pin does not have an internal structure to 
protect it from surge/ESD. An external TVS diode is 
required to protect VDD24.

• The TVS maximum clamping voltage should be lower 
than the 70V VDD24 absolute maximum voltage.

• The TVS will start to conduct current beyond reverse 
standoff voltage.

• The TVS will clamp at the maximum clamping voltage 
during surge, EFT, and ESD.

• The TVS power rating should be large enough to 
withstand surge current, e.g., SMAJ33CA (400W) for 
surge with 40Ω+2Ω impedance (IEC 61000-4-4) or 
SM30T39AY (3kW) for surge with 2Ω impedance.

• To further limit the surge current, another series resistor 
can be added before the TVS (e.g., a 150Ω, pulse 
withstanding resistor).

Figure 35. Input Protection Devices
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Evaluation of Test Results
The test results are classified at different levels to determine 
the performance. The engineer must decide which level 
applies to their end equipment and application. The results 
are typically classified as follows with examples shown below 
from IEC 61000-4-x:

• Normal operation within specified limits.

• Temporary loss of function or degradation of performance 
which ceases after the disturbance ceases, and from 
which EUT recovers its normal performance, without 
operator intervention.

• Temporary loss of function or degradation of performance, 
the correction of which requires operator intervention.

• Loss of function or degradation of performance which is 
not recoverable, due to damage to hardware or software, 
or loss of data.

Y Capacitor

In a safety critical application, a safety-rated Y capacitor 
across the isolation barrier is recommended (Figure 36). For 
example, in EFT testing of the MAX22192 (with integrated 
isolation barrier), the Y capacitor reduces the dV/dt seen 
by the isolator, thereby improving the EFT performance 
and protecting the isolator barrier. The Y capacitor must be 
connected between field GND and Earth (PE) so that the 
large EFT current is redirected to Earth without disturbing 
logic-side components. In addition, a resistive discharge path 
(> 100MΩ) may also be implemented across the barrier to 
discharge the Y cap. The recommended board placement for 
the Y capacitor is shown in Figure 37.

Figure 36. Y Capacitor for Protection

Figure 37. Redirect Current to Earth Through the Y Capacitor
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MAX22190 IEC 61000-4 Immunity Compliance
The typical application for the MAX22190 requires it to 
pass basic transient immunity standards as defined by IEC 
61000-4-x, covering -2 for Electrostatic Discharge (ESD), 
-4 for Electrical Fast Transient/Burst (EFT), and -5 for Surge 
Immunity. The MAX22190 Evaluation Kit includes circuitry to 
support testing to these standards to support ±2kV Line-to-
Line Surge, ±8kV Contact ESD, and ±15kV Air Gap ESD.  

DESIGN RESOURCES FOR FAST 
PROTOTYPING
Peripheral modules (Pmod™) and evaluation kits are available 
to assist designers in quickly and easily developing prototypes 
using our DI and DO products. All digital IO products come 
with evaluation kits which can be used to exercise the main 
features of each device and are usually suitable for transient 
immunity testing. Pmods are small I/O interface boards 
that communicate with system boards using 6- or 12-pin 
connectors. They typically allow evaluation of a device’s 
features but are not suitable for transient immunity testing. 
For easy, low-cost testing, our Pmod boards can be connected 
to the USB port of a laptop using separate adapter boards 
(USB2PMB1, USB2PMB2, and USB2GPIO). Communication 
is through the free Munich GUI software. Alternatively, any 
microcontroller or FPGA with a 12-pin Pmod-compatible 
connector can be used. Another option is to wire-wrap a 
temporary connection from the system to the pins on the 
Pmod connector. For the latter two options, the user needs to 
write their own control software. 

Design Resources Example – MAX22190 Octal 
Industrial Digital Input
The MAX22190EVKIT (Figure 38) is a typical product 
evaluation kit. All features of the IC can be evaluated and are 
enabled using multiple jumper options. The kit is powered 
using external power supplies. In addition, all the I/O channels 
are available through easy-to-use terminals, galvanic isolation 
is provided between field and logic domains, and protective 
circuitry is included to meet IEC 61000-4 tests. The interface 
to this evaluation kit is with a 12-pin Pmod-compatible 
connector that enables interfacing to the MAX22190EVKIT 
GUI using a low-cost adapter board such as USB2PMB2 or 
USB2GPIO. The evaluation kit can be ordered as a stand-
alone unit (MAX22190EVKIT) or as an evaluation system in 
conjunction with the USB2PMB2 (MAX22190EVSYS).

The MAX22190 peripheral module (MAX22190PMB) (Figure 
39) provides the hardware to evaluate the main features of the 
MAX22190. The module takes advantage of the features in 
the MAX22190 that allow it to be powered from a single low-
voltage logic supply (3.0 to 5.5V) without the need for a 24V 
field supply. The supply is derived from the 5V USB supply 
and stepped down as required by the USB2PMB2 adapter. The 
Pmod PCB dimensions are just 45mm long x 20mm wide, with 
the width determined by the size of the X1 and X2 connectors. 
It is shown with the USB2PMB2 adapter board in Figure 40. 

Figure 38. MAX22190EVKIT

Figure 39. MAX22190PMB

Figure 40. MAX22190PMB with USB2PMB2 Adapter
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Pmod Adapter Boards
Low-cost adapter boards (available separately) allow the 
Pmod boards to be connected to the USB port of a laptop, 
handling the necessary translation to I2C or SPI as required. 
The Munich GUI software (available as a free download from 
our website) is used to control the boards. By using the 5V 
USB supply, the Pmod boards can typically be directly run 
from the laptop supply. The exception is on those boards 
using higher current 24V supplies such as DO devices like the 
MAX14912PMB and MAX14914PMB.

USB2PMB2

The USB2PMB2 adapter (Figure 41) interfaces a USB port to 
either an SPI or I2C interface.

USB2GPIO

The USB2GPIO adapter (Figure 42), which was designed to 
supersede the USB2PMB2, can be used to interface a USB port 
to a GPIO, SPI or I2C interface as required.

USB2GPIOISO

For prototypes that require an isolated interface, the 
USB2GPIOISO adapter (Figure 43) provides galvanic isolation 
using MAX14483 between the “master” USB adapter board 
and a “slave” EV kit or Pmod board.

Figure 41. USB2PMB2 Adapter Board

Figure 42. USB2GPIO Adapter Board

Figure 43. USB2GPIOISO Adapter Board
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The Munich GUI for board communication is illustrated in Figure 44.

Figure 44. Munich GUI 

https://www.maximintegrated.com/en.html
https://www.maximintegrated.com/digital-io
https://www.maximintegrated.com/digital-io


Industrial Digital IO Design Guide www.maximintegrated.com

26 www.maximintegrated.com/digital-IO

Summary of Design Resources for Digital IO 
Products
Tables 8-10 summarize the additional design resources 
available for the Digital IO products featured in this design 
guide.

Table 8. Design Resources for Digital Input Devices

Table 9. Design Resources for Digital Output Devices

Product Description Evaluation Kit Pmod

MAX22190  Octal Digital Input 
with Diagnostics MAX22190EVKIT MAX22190PMB

MAX22191
Parasitically 
Powered Digital 
Input

MAX22191EVKIT MAX22191PMB

MAX22192 Octal Digital Input 
with Isolation MAX22192EVKIT None

MAX22195
Octal Digital 
Input with Parallel 
Output

MAX22195EVKIT None

Product Description Evaluation Kit Pmod

MAX14900E Octal High-Side 
Switch

MAX14900D
EVBRD

None

MAX14912/
MAX14913

Octal High-Side 
Switch/Push-
Pull Driver

MAX14912EVKIT MAX14912PMB

MAX14914
High-Side Switch 
with Digital Input 
Option

MAX14914EVKIT MAX14914PMB

Table 10. Design Resources for Maxim Digital IO 
Companion Products 

Summary
Designers of digital IO modules have traditionally used large, 
inefficient, and power-hungry discrete circuits. However, in 
the age of multi-channel modules housed in ever-shrinking 
enclosures, this is no longer a viable option. In this design 
guide, we provided a detailed overview of our ultra-small, 
low-power, accurate and robust digital IO ICs designed to 
provide a superior alternative to the discrete approach. The 
guide also provides descriptions of companion devices and a 
comprehensive listing of design resources that can be used for 
analysis, product development, and fast prototyping.  

Product Description Evaluation Kit Pmod

MAX14483 6-Channel SPI 
Digital Isolator MAX14483EVKIT USB2GPIOISO

MAX14001 Isolated 10-Bit 
ADC MAX14001EVSYS MAX14001PMB
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