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Introduction

The DCM DC-DC Converter Module encapsulates isolation, regulation, thermal management, and fault 
monitoring in a single module. Its wide input voltage range, high output power, high density, and high 
efficiency enable its use in a variety of industrial and military applications. The DCM is offered in two 
different packages: Converter housed in Package (ChiP) and Vicor Integrated Adapter (VIA) package, 
which delivers high power density through its superior thermal performance. This application note 
mainly focuses on ChiP based DCM. ChiP platform products use advanced magnetic structures that 
are integrated within high density interconnect (HDI) substrates, together with power semiconductors, 
control ASICs and a microcontroller. For more information on DCM capabilities and options, please see 
the Vicor web page for DCMs:
www.vicorpower.com/dc-dc-converter-board-mount/dcm-dc-dc_converter

The DCM operates on the same high frequency, double-clamped zero voltage switching (DC-ZVS) 
topology as the Vicor PFM™ and the PI31xx Isolated DC-DC Converter Modules.  
The DC-ZVS topology provides a revolutionary increase in density and efficiency compared to other 
complete DC-DC converter solutions.

Support Circuitry

Referring to Figure 1, the DCM simplifies the design of the input, output, and control circuitry.
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Input Circuitry

DCMs feature on-board protection for input overvoltage and overcurrent, so the fuse F1 shown in 
Figure 1 is only needed for applications that must pass safety approvals, such as CE Mark or UL60950. 
For more information on fuse selection and recommendations, refer to the data sheet for the DCM™ 
model of interest.

The effective input impedance of the DCM is VIN
2/PIN. This form of the equation is the most relevant 

because for a given load, the DCM presents a constant power load to its input power source (up to the 
control loop bandwidth, which is up to 20kHz).

To guarantee stability of the DCM control loop, the impedance of the source that supplies VIN must 
be less than ½ the effective input impedance of the DCM at the expected minimum input line 
condition, over the control loop bandwidth. If the source cannot satisfy this requirement alone, the 
input filter circuit must compensate for the excessive impedance. A large electrolytic capacitor can be 
used: for example, at least 1000µF is recommended for a 320W DC-DC converter operating with line 
voltages down to 16V, such as the DCM3623T50M31C2M00 (model specific values are provided in 
the corresponding DCM data sheet). However, in cost-sensitive or space-limited applications, a more 
efficient solution may be possible. The theory behind the input impedance requirement is given in the 
Vicor tech tip:

powerblog.vicorpower.com/wp-content/uploads/2009/10/tech_tip_ 
input_source_impedance.pdf

For an additional optimization to minimize ringing and provide additional margin between the DCM’s 
rated low line and its input undervoltage fault protection threshold (UVLO), the source impedance of VIN 
should be further limited to be no more than 1/10 the effective input impedance of the DCM.

If the application circuit is designed such that the DCM is not inhibited using the EN pin, the 
DCM output voltage will become active during the input voltage ramp, when it reaches the input 
undervoltage fault protection (UVLO) voltage VIN-UVLO+. The input filter needs to be designed according 
to this extreme low line condition. As the DCM starts near UVLO+, the source impedance must be low 
enough that input voltage transients caused by inrush current do not trigger UVLO.

DCM efficiency is slightly impacted by high frequency ripple voltage developed on the DCM input 
due to switching currents. Ceramic input filter capacitors in close proximity to the +IN and –IN leads 
can form a resonant tank with the package lead inductance and the internal input capacitors. When 
the DCM is operating near its maximum switching frequency (approximately 1MHz), the resonant 
tank can amplify ringing voltage, leading to a slight increase in losses within the DCM. This effect can 
be minimized by avoiding the placement of ceramic capacitors directly across the DCM input, or by 
reducing the Q of this resultant resonant tank by adding resistors in series with those capacitors.

Information on the design of the input filter can be found in the following application note, which 
emphasizes designing DC-DC converters for low EMI: 

http://www.vicorpower.com/documents/application_notes/vichip_appnote23.pdf

Vicor supplies a design tool to assist the user in designing a stable filter, with minimal peaking:

app2.vicorpower.com/filterDesign/intiFilter.do

http://powerblog.vicorpower.com/wp-content/uploads/2009/10/tech_tip_input_source_impedance.pdf
http://powerblog.vicorpower.com/wp-content/uploads/2009/10/tech_tip_input_source_impedance.pdf
http://www.vicorpower.com/documents/application_notes/vichip_appnote23.pdf
http://app2.vicorpower.com/filterDesign/intiFilter.do
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Control Pins

The three DCM™ control pins are EN, TR and FT. Internally, they are implemented as GPIOs, each with 
a pull-up resistor to a constant 3.3V rail. Each control pin has a simple internal bias and drive structure, 
which is maintained throughout the various operating modes. The logic thresholds, bias levels and bias 
strengths for the input pins do not change during startup or fault protection conditions. In general, the 
control pins can all be left unconnected to select their default function.

EN is a digital input that enables the powertrain. The powertrain is disabled when EN is less than the 
EN disable threshold and enabled when EN is pulled above its enable threshold; if EN is left open, an 
internal 10kΩ pull-up resistor keeps the powertrain enabled.

TR selects the trim mode and sets the trimmed output voltage of the DCM. The TR pin is sampled one 
time at power-up, after VIN exceeds VIN-UVLO+; its voltage at that time determines the function of TR for 
as long as the DCM is supplied an input voltage. If TR is greater than VTRIM-DIS when it is sampled, the 
DCM will be in non-trim mode. This is the case when TR is left open: an internal 10kΩ pull-up resistor 
pulls TR up to VCC, selecting the non-trim mode of operation. In this mode, the programmed trim 
condition will simply be the rated nominal Vout of the DCM model.

If TR is sampled below VTRIM-DIS at power-up, the internal trim circuitry will be enabled and TR will 
control the output voltage setting as long as VIN is applied. If the powertrain is disabled with EN or 
stopped by a fault condition, it retains the trim mode which was previously latched in when it  
resumes operation. The trim mode is re-evaluated only after removing and reapplying the input  
voltage to the DCM.

The nominal relationship between a trim resistor and the trim pin voltage is given by: 

A sample circuit to control TR is shown in Figure 2.
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Figure 2 
Example of a Circuit to Set TR

VTR  =  VCC  •  RTRIM  / (RTRIM + 10kΩ)
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When trim mode is active, the programmed VOUT of the DCM™ maps linearly to the TR pin voltage. For 
the example DCM3623T50M31C2M00 product, the transfer function is:

at full load and room temperature. Each DCM model data sheet provides constants for this  
transfer function.

When VTR is set such that the programmed trim value is above the nominal output voltage rating, the 
internal current limit threshold will be decreased proportionally thus maintaining a roughly constant 
maximum average output power. (See the DCM data sheet.)

Any time VTR is set such that VOUT is outside the rated output voltage trim range VOUT-TRIMMING, the 
DCM will function, but it may not operate as expected, and none of the performance specifications in 
the data sheet are in force. For example, trimming the VOUT above the high trim threshold decreases 
the margin before overvoltage protection (OVP) is activated; depending on the DCM model, output 
capacitor, and dynamic load profile, a load dump could trigger OVP. Conversely trimming VOUT below 
the low trim threshold may result in excessive ripple on the output, or even shutdown of the DCM in 
response to load transients due to output undervoltage fault protection.

FT is the positive-true output generated by the internal Fault Monitoring circuit. When the DCM 
activates fault protection, the FT pin is driven high (to 3.3V) by a low impedance driver. This 
configuration helps avoid the need for the system to generate a separate low voltage supply for 
powering the fault pin monitoring circuit, since a simple opto-coupler can be entirely driven from  
the FT pin.

In Figure 3, the RSERIES resistor acts as a current limiter to keep the maximum current below the 4mA 
limit of the FT pin. With a single DCM, a 560Ω resistor will limit the current to about 2mA, sufficient 
to light an LED.

Under normal conditions, the FT pin is internally biased to 3.3V by a 499kΩ resistor, but can easily be 
held low by an external pull-down resistor. In the fault indicating LED circuit above (Figure 3), RSHUNT is 
part of a voltage divider that holds the diode voltage in the OFF state when no fault is detected; a 47kΩ 
resistor is sufficient for a single DCM.
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Vcc

FT

Fault
Monitoring 499k

Figure 3 
FT pin driving an LED

VOUT-FL @ 25ºC  =  9.98 + (18.780  •  VTR /VCC)
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Light Load Boosting

The DCM™ enters Light Load Boosting under light loading conditions, when the internal power 
consumption of the converter plus the external output load is less than the minimum conversion 
power. This scenario is most pronounced when the DCM input voltage is high, the trim voltage is low, 
and there is no output load. During Light Load Boosting, the DCM alternates between two operating 
conditions: initially the error amplifier attempts to regulate VOUT by enabling the converter powertrain, 
but the minimum energy per pulse that the powertrain can supply is greater than the power needed 
to maintain output regulation, so the output voltage climbs. As a result of that slight excess output 
voltage, the error amplifier momentarily inhibits the powertrain, allowing the output voltage to fall 
again. Once the output voltage falls below the error amplifier setpoint, the error amplifier starts the 
converter powertrain switching again. The second condition, when the powertrain is not switching, will 
typically last for tens or hundreds of times that of a regular switching period.

Due to the primary-referred method of sensing output voltage (see the Functional Block Diagram in the 
DCM data sheet), the accuracy with which the error amplifier senses VOUT is greatly reduced while the 
powertrain is momentarily inhibited. This results in an effective boosting of the actual VOUT during  
Light Load Boosting operation.

For most DCM models, output voltage boosting can occur when the external output load is 10% or 
less of the DCM rated load. The output voltage can rise by VOUT-LL above its set point. The boosting of 
the output voltage is described by the ΔV term of the Overall Output Voltage Transfer Function. For the 
example DCM3623T50M31C2M00 DCM, ΔV is 5.01V in the transfer function:

To calculate VOUT for other DCMs, see the relevant DCM data sheet.

Another result of the primary-sensed output voltage is that if an output load is suddenly applied during 
the momentary inhibit time, there may be an increased delay before VOUT returns to its regulated level. 
The choice of output capacitor minimizes this, as covered in the next section.

Output Circuitry

The output circuit must be designed and laid out to minimize conducted emissions. As with any  
high power, high density circuit, thermal management may also be a special concern. See the  
Thermal Considerations section below. 

Output Capacitor

To ensure proper operation of the DC-DC Converter, the capacitance of the load must be within the 
limits that are defined in the data sheet by COUT-EXT for normal operation. The maximum limit is required 
to avoid excessive startup time, which could trigger output undervoltage fault protection. The minimum 
limit for COUT-EXT, as well as the minimum ESR of the external capacitor, RCOUT-EXT, are needed to ensure 
control loop stability. 

For applications where the DCM sees very light loading, certain DCM models have increased minimum 
allowed external output capacitor values. The higher values depend on the load transients and the trim 
transients that the application imposes on the DCM. During Light Load Boosting, a sudden change in 
the load – for instance, a step increase from a light load condition – may not be tracked by the control 
loop, as explained above. If there is not enough capacitance on the output, this could cause the output 
voltage to drop below the undervoltage fault protection threshold VOUT-UVP, causing shutdown. (See 
Output Undervoltage Fault Protection (UVP) in the DCM data sheet.) To prevent this from happening, 
the minimum allowed output capacitance value must be increased so that it falls in the range given by 
COUT-EXT-TRANS. This effect is amplified for applications which dynamically trim the DCM output at the 
same time these load transients are occurring. In this case, the minimum allowed output capacitance 
may be further increased, per the limits of COUT-EXT-TRANS-TRIM, to prevent the load transient and dynamic 
trim event from triggering fault protection.

VOUT  =  9.98 + (18.780  • VTR /VCC) + 1.26  •  (1 – IOUT / 13.40)  – 3.200  •  0.001  •  (TINT  – 25) + ΔV
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Thermal Considerations

The Thermal Specified Operating Area in Figure 1 of the DCM™ datasheet relates the maximum load 
power permissible versus environment temperature for different heat extraction paths. Figure 1 extends 
up to the maximum rated output power of the DCM. It assumes the worst case efficiency from the 
data sheets specifications. (Also see the efficiency curves in the data sheet, under Typical Performance 
Characteristics.) Data sheet Figure 1 shows the maximum output power that can be delivered to 
the load for a given ambient temperature if the package temperature is controlled at the top of the 
package; at the top and leads; and at the top, leads and bottom of the package. Some DCM data sheets 
don’t have the “top only” curve because cooling only the top isn’t sufficient for those modules. (See the 
analysis in the data sheet, under Thermal Design.)

The DCM is also capable of sustained operation above rated power, up to the current limit threshold 
with no derating or overstress to the module, provided it is sufficiently cooled. Figure 25 “Thermal 
Specified Operating Area: Max Power Dissipation vs. Case Temp for arrays or current limited operation” 
is an extension of Figure 1, which relates maximum dissipated power to environmental temperature for 
the same three heat extraction paths. Any time the DCM is used above rated power, for example at 
current limit, the thermal design must be based on the operating efficiency and the appropriate  
Figure 25 curve.

Vicor offers a selection of DCM-specific heat sinks. Check with your Vicor sales team for the solution 
that best fits your needs.

Vicor provides a suite of online tools, including a simulator and thermal estimator, a thermal calculator, 
application notes, and white papers. These simplify the task of developing a DCM thermal configuration 
that is sufficient for a given set of conditions. These tools can be found at:  
www.vicorpower.com/powerbench.

Layout and Routing

Please reference Application Note AN:005 “FPA Printed Circuit Board Layout Guidelines” for a detailed 
discussion of PCB layout. Application Note AN:005 details board layout recommendations using 
VI Chip® components, with details on good power connections, reducing EMI, and shielding of control 
signals and techniques. While this application note is not written specifically for DCMs, many of the 
concepts and recommendations still apply.

Avoid routing the trim and enable control signals directly underneath the DCM. It is critical that all 
control signals are referenced to –IN, both for routing and for pull-down and bypassing purposes.

Conclusion

A single DCM can provide regulation, isolation and fault protection for applications that require high 
power while optimizing space requirements. The ChiP platform allows for a small circuit footprint while 
enabling flexibility in the thermal design. Vicor’s power component design methodology, along with the 
minimal support circuitry required help engineers to develop systems quickly and efficiently.

http://www.vicorpower.com/powerbench
http://www.vicorpower.com/documents/application_notes/vichip_appnote5.pdf
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Limitation of Warranties
Information in this document is believed to be accurate and reliable. HOWEVER, THIS INFORMATION 
IS PROVIDED “AS IS” AND WITHOUT ANY WARRANTIES, EXPRESSED OR IMPLIED, AS TO THE 
ACCURACY OR COMPLETENESS OF SUCH INFORMATION.  VICOR SHALL HAVE NO LIABILITY FOR THE 
CONSEQUENCES OF USE OF SUCH INFORMATION.  IN NO EVENT SHALL VICOR BE LIABLE FOR ANY 
INDIRECT, INCIDENTAL, PUNITIVE, SPECIAL OR CONSEQUENTIAL DAMAGES (INCLUDING, WITHOUT 
LIMITATION, LOST PROFITS OR SAVINGS, BUSINESS INTERRUPTION, COSTS RELATED TO THE REMOVAL 
OR REPLACEMENT OF ANY PRODUCTS OR REWORK CHARGES).

Vicor reserves the right to make changes to information published in this document, at any time 
and without notice. You should verify that this document and information is current. This document 
supersedes and replaces all prior versions of this publication.  

All guidance and content herein are for illustrative purposes only. Vicor makes no representation or 
warranty that the products and/or services described herein will be suitable for the specified use without 
further testing or modification. You are responsible for the design and operation of your applications 
and products using Vicor products, and Vicor accepts no liability for any assistance with applications or 
customer product design. It is your sole responsibility to determine whether the Vicor product is suitable 
and fit for your applications and products, and to implement adequate design, testing and operating 
safeguards for your planned application(s) and use(s). 

VICOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED FOR USE IN LIFE SUPPORT, 
LIFE-CRITICAL OR SAFETY-CRITICAL SYSTEMS OR EQUIPMENT. VICOR PRODUCTS ARE NOT CERTIFIED 
TO MEET ISO 13485 FOR USE IN MEDICAL EQUIPMENT NOR ISO/TS16949 FOR USE IN AUTOMOTIVE 
APPLICATIONS OR OTHER SIMILAR MEDICAL AND AUTOMOTIVE STANDARDS. VICOR DISCLAIMS 
ANY AND ALL LIABILITY FOR INCLUSION AND/OR USE OF VICOR PRODUCTS IN SUCH EQUIPMENT OR 
APPLICATIONS AND THEREFORE SUCH INCLUSION AND/OR USE IS AT YOUR OWN RISK.

Terms of Sale
The purchase and sale of Vicor products is subject to the Vicor Corporation Terms and Conditions of Sale 
which are available at: (http://www.vicorpower.com/termsconditionswarranty)

Export Control
This document as well as the item(s) described herein may be subject to export control regulations. 
Export may require a prior authorization from U.S. export authorities.  

Contact Us: http://www.vicorpower.com/contact-us

Vicor Corporation
25 Frontage Road

Andover, MA, USA 01810
Tel: 800-735-6200
Fax: 978-475-6715

www.vicorpower.com

email
Customer Service: custserv@vicorpower.com

Technical Support: apps@vicorpower.com

©2017 Vicor Corporation. All rights reserved. The Vicor name is a registered trademark of Vicor Corporation.
All other trademarks, product names, logos and brands are property of their respective owners.
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