Using the Non-Isolated DCM™ in High-Power Arrays
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Functional block diagram
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Introduction

This application note applies to the non-isolated SM-ChiP™ DC-DC Converter Module (DCM) family

of products targeted for data center applications. A list of these products is provided in Appendix-1.
These DCMs consist of Vicor patented zero-voltage switching (ZVS) Buck-Boost regulator followed by a
Sine Amplitude Converter (SAC™) current multiplier. DCMs have an internal control loop and operate
from a semi-regulated input to generate a regulated point-of-load (PoL) output. No additional external
compensation components are required, resulting in substantial savings in application board space and
cost. DCMs also feature the thermal density benefits of the Vicor SM-ChiP packaging technology, which
offers flexible thermal management options with very low top and bottom side thermal impedances.
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When load requirements exceed the rated current or power of a single DCM, the load can be powered
by an array of DCMs with a maximum array size (Nagray) as defined in the product datasheet. This
application note focuses on the operation of the DCM when used in an array configuration.

Please note that this application note does not cover redundant arrays, fault tolerant arrays, phase
shedding, independent enabling, independent fault management or interleaving.
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Array Configuration

A properly configured parallel array of Nagray DCMs provides the rated power or current of a single
module times Nagray, With no electrical de-rating required. Figure 2 demonstrates a typical application
for an array of two DCMs. This arrangement can be extended for up to Nagray DCMs in parallel.
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To properly configure a DCM™ array please adhere to the following guidelines:

1. Assign a unique PMBus® address to each DCM by choosing the appropriate resistor for each
module’s ADDR terminal as specified in the product datasheet.

2. Each of the following power and control terminals from each DCM must be connected together
for proper array operation:

EN terminals to synchronize start up of the array and ensure that any one module does not
momentarily take up a large share of the load. Independent EN signals are not recommended.
FLT terminals to synchronize start-up and for proper fault response. If one of the modules is in a
fault condition, it will assert the FLT line alerting the other DCMs of the fault condition so that
each DCM may take action to stop processing power. During start-up, the common FLT line will
signal soft-start upon de-assertion of the line by the last DCM.
EAO terminal for output current sharing.

Use one PGND and connect to each DCM™ through a contiguous copper plane or
multiple planes.
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3. Any external multi-layer ceramic capacitors at the +IN and +OUT terminals for locally bypassing the
high frequency noise currents, should be allocated per DCM™.

Each DCM must have a dedicated input fuse and filter.
Each DCM +OUT terminal must be directly connected, preferably through a solid copper plane.

Each DCM +IN terminal must have the same effective voltage.

N o v s

Attention should be paid to the layout recommendations provided in the
“Layout Guidelines” section.

8. The +INV, SYNCI, and IMON terminals must not be connected as part of the array.

Figure 3 shows an example of the DCM3717 used in an array configuration.

Figure 3
DCM3717 Dodici
4-up array PCB
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Figure 4
Example of DCM 4-up array
start up from Vy into full load

VICOR

System Behavior

For the following discussion, any terminal that is connected to the equivalent terminal for other modules
in the array such as EN, FLT, EAO, and +OUT will be referred to only by its terminal name. For the

sake of simplicity, it is understood that the terminal name applies not to the individual terminal but to

a common node shared by all the DCMs. When referring to the voltage, for example, nomenclature
such as Vgyr for all +OUT terminals will be used. Additionally, V,y refers to the voltage at each +IN
terminal as if they were all driven together. In reality, each terminal has an input filter back to one
common power supply.

Start Up

1. There are two methods for starting up the array:
EN floating — V,y is ramped past the V| UVLO rising threshold. The user must limit the slew
rate of Vy as specified in the product datasheet. Each DCM™ wiill pull up the voltage on its EN
terminal with an internal current source and start up itself.
EN driven — V) is ramped up past the UVLO rising threshold with the EN signal driven low.
Once Vy is at the desired voltage, EN is released and each DCM will start up itself.
2. Ingeneral, a given DCM will attempt to start if the following conditions have been met:
The DCM has not been disabled via EN, or FLT.
The DCM has recovered from any previous faults.
3. Once EN s in a high state, each DCM's FLT will de-assert / pull up. The FLT signal has an open-drain
output with an internal 10kQ pull-up resistor to the DCMs internal regulator. When both of these
conditions have been met and V,y is above the V,y UVLO rising threshold, the array enters soft start.

Soft Start

At start up when all FLT signals have de-asserted, the current-multiplier stage within each module
begins switching. Each DCM'’s buck-boost stage is also enabled and their references rise to generate
the soft-start ramp-up of the array’s output voltage. The rise is monotonic once Vqyr exceeds roughly
1V, provided that the module has been disabled for at least torr mono as specified in the product data
sheet. The error amplifiers within each module drive current into the common EAO node in response
to the output voltage error, and the resulting EAO voltage causes the buck-boost stages to process
power in response.

70 mE Bms w0 ms
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Figure 5
+INV discharge circuit

VICOR

+INV Discharge

For applications that require re-start < torr.mono, @n optional discharge circuit can be used to discharge
the +INV bus each time the EN pin is pulled low. Since the +INV terminal of each module in the array
must not be connected to the others, a separate discharge circuit is required for each module. Figure 5
shows a schematic example that could be used for this purpose.
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Start Up into a Pre-Charged Output

The array can turn on into a pre-charged output as described on the product specification with no
additional considerations. Starting the array into a pre-charged output higher than the voltage specified
in the product specification is not recommended due to the risk that the ring-up could trigger a Vour.ove
fault. Each module output is capable of a full-rated continuous output current during soft start.

AN:702 Page 5



Figure 6

Recommended placement of
capacitance relative to +OUT
and PGND for DCM3717

Figure 7

Examples of various via types
and placement patterns for
decoupling capacitors

VICOR

Layout Guidelines

Multi-layer ceramic capacitors are recommended at each DCM™ +IN and +OUT terminal as shown in
Figure 6. This capacitance is needed to bypass the high-frequency ripple at its source. The amount of
capacitance needed varies by design and should be distributed as shown in Figure 6.
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Detail of via arrangement
with respect to pad and capacitor

The pours on each capacitor’s terminal should be pulled in as far as spacing rules will allow in order to
minimize inductance.

Vias should be placed near both terminals of each capacitor as close as possible to the center of each
PCB pad. If possible, via-in-pad technology can be used so vias can be placed directly on the component
pads. By adding additional vias in parallel for each capacitor, the performance of the capacitor can be
further improved. This will produce the minimum loop-area and resulting parasitic inductance.

®
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A side-by-side comparison of DCM™ thru-hole with via-in-pad land patterns is shown in Figure 8 and

demonstrates placement of vias for each type.
Figure 8
Example of DCM landing
pattern: via-in-pad and
through-hole
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Via-in-pad Through-hole

All DCM +0UT terminals must be connected and should also be on plane layers to minimize inductance
and PCB losses between DCM outputs.

The DCM +IN terminals should not be directly connected; each should have its dedicated fuse and input
filter as shown in Figure 2.

The fuse and filter of each DCM in the array must be powered from the same voltage source.
Arrays with different input voltages are not permitted. For more details, refer to the “Load Sharing”
section, Figure 14.

For a detailed view of the DCM landing pattern and layout, please refer to the product datasheet.

Reserve area under DCM for PGND plane and thermal vias to conduct heat away from the DCM and to
other layers. Especially the opposite side of the PCB. Please see Figure 9.
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Figure 9
Thermal via usage

Figure 10
Example of EAO sharing

VICOR
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With power connections (planes) located on the top layer, layer 2 should be dedicated to PGND.
This minimizes the loop area (and inductance) from the DCM to the PoL, as well as from the
source to the DCM™,

Route signals between ground planes to shield them from electric field coupling on adjacent layers; care
should taken to ensure signals are routed over continuous planes with no breaks.

Sensitive signals such as EAO should be routed away from the PMBus® signals (SDA, SCL) or any
other traces that have high dV/dt which could couple switching noise onto the EAO signal and disturb
the control loops.

Avoid routing EAO or any other DCM control signal under the DCM modules. DCMs may have a closed
magnetic field present directly above and below the package. Noise may be coupled into components
that intercept this field which cannot be shielded by ground planes.

EAQ is the output of the control loop error amplifier which drives the compensation network. With that
in mind, parasitic capacitance (Cpag) on the EAO lines should be minimized as much as possible to not
affect the location of the poles and zeros of the compensation network which can potentially affect
the phase margin of the control loop. Keep the EAO traces as short as possible and keep the trace
width to a minimum
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The examples in Figures 11 — 13 show the effect that Cpag can have on the internal compensation
network’s pole (fp) and zero (fz) for 0 < Cpag < 50pF. Results are displayed for an array of N = 2 and
N = 4. These simulation results are for illustrative purposes.

Figure 11
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Figure 13
Effect of Cppg 0N

internal compensation
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PGND should be carried on contiguous plane layers to optimize the effectiveness of high frequency
bypassing, filtering, and to optimize the EAO connection between each DCM™ for good load sharing
and minimized ripple. Note that PGND is the reference for each DCM receiving EAQO, and is the
reference for the compensation components.

Maximize copper pours on power nets: +IN, +OUT, and PGND.

For best array performance utilize symmetry with respect to +IN and +OUT. Specifically, match /
replicate the local layout around each DCM for all other DCMs in the array. Use the same input filter /
fuse layout and copper pours for each DCM input path. Use the same ceramic input and output bypass
cap placement for each DCM in the array.

The DCMs should be placed in close proximity so that interconnected control signals can be short,
which improves stray capacitance and minimizes pickup of noise. However, there are also thermal
considerations regarding spacing of the modules. Please refer to the “Thermal Considerations” section
for more information.
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Figure 14

Example of
DCM3717S60E13G5TNT load
sharing at nominal line and Vyr

Figure 15

Example of DCM output current
vs. EAO voltage for

various temperatures

VICOR

Current Sharing

To increase the load capability beyond a single module, the outputs of multiple DCMs can be connected
in parallel. For a given Vy and output set-point (Vout set), Veao determines the output power and
current delivered to the load. To achieve the best possible current sharing between the modules in

the array, the EAO terminals of all modules must be tied together. Figure 14 shows an example of
DCM3717S60E13G5TN1 sharing data taken on the 52842 4-up array PCB that was shown in Figure 3.
Since the internal voltage loop of the DCM™ is closed at the +OUT terminal, the current measurement
shunts are placed on the input side of the DCM in order to minimize the resistance to the load.
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Tying all EAO terminals together ensures that the load sharing error will be minimized so that one DCM
does not supply the large share of the load. This is an important point since the DCM supplying the
large share of the load would run hotter and be subjected to higher stress than the others in the array.
If the error is large enough, the DCM(s) carrying the large share of the load might exceed the maximum
output current rating or possibly trip the overcurrent protection. It is also necessary to minimize voltage
shifts from a DCM's local PGND to others in the array as this would amount to a different local Veag
from module to module.

As mentioned previously, the EAO terminal is the output of the DCM's error amplifier and the control
node for the buck-boost regulation stage. The common EAQO configuration then becomes a current
“summing junction” where the outputs of all the error amplifiers source or sink their instantaneous
error currents and produce a “net” voltage for the control loops of the DCMs in the array.

Figure 15 illustrates the typical behavior of Vgag vs. loyt for various Vy at nominal Vg7 set point for
the 750W DCM.

25
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The family of curves in Figure 15 show a strong dependency on V. It should be clear from this data
that all modules must run at the same “effective” input voltage at +IN in order to obtain optimal
sharing. Given that each module must have its own input filter, the voltages at the +IN terminal may
not be identical so it is important to minimize this error and follow the layout suggestions regarding
symmetry in the Layout Guidelines section.
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Output Ripple

In a DCM, there are three time-domain modes of operation for the ZVS buck-boost stage, which
depend on the load: fixed-frequency operation, variable-frequency operation, and pulse-skip mode
(PSM). Figure 16 shows an example of the approximate region of each mode with respect to the

load current at nominal line and output conditions. In fixed-frequency operation, the ZVS buck-boost
switching frequency is running at its maximum. This maximum frequency is trimmed at the factory and
results in comparable switching frequencies for each DCM™ in the array. However, as the load increases
such that the DCMs enter variable-frequency operation, the differences between each DCM's switching
frequency potentially increases and beats become more prevalent.

Figure 16
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Figures 17 and 18 show the formation of beats at 100% load for a 4-up array of
DCM3717S60D13KOTN1T vs. the 50% load case.
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Input Ripple

On the input side of the array, each input LC filter serves to isolate the DCMs and minimize interaction
of their input switching currents. The following example shows simulations to illustrate the effect

of having an LC filter in an array with two DCMs verses no LC filter. The amplitude of the beats is
39.6mAp_p with filters vs. 544mAp_p with no filters.

Figure 19
Simulation showing reduction
of beats when using an

; : e Amplitude: 544mAsp
input LC filter — * fooar: 127kHz

Without LC Filter ’

With LC Filter

o Amplitude: 39.6mApp
o fgear: 120kHz

56,1944

Thermal Considerations

In the “Layout Guidelines” section it was recommended that the DCMs should be placed in close
proximity. While this is important for the electrical reasons previously discussed, the DCMs must still
have sufficient separation to allow adequate cooling and prevent excessive internal temperatures. The
physical separation of modules becomes even more important if the PCB is the dominant cooling path
for heat to flow from the modules. Figure 20 shows an example of DCM™ spacing in an array.

Figure 20
Example of DCM spacing
in an array
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When using a heat sink as the cooling solution, it is recommended that an electrical insulator and
gap compound be used. The insulator is necessary to prevent the grounded case top from bridging
to the other terminals when the heat sink is installed. Figure 21 shows how the terminals on the

SM-ChiP package are exposed on the top side of the package and without an insulator, could bridge
to the case top.

Figure 21
SM-ChiP package

Exposed terminals

Grounded
case top

Figure 22

Example of heat sink
assembly with TIM on the
Singola evaluation PCB,

PIN DCM3717E60D13KOTN1

Pre-installed
PEM nuts
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Input Filter Considerations

For a DC-DC converter, an input filter is recommended for EMI considerations. DCM input switching
currents can generate ripple current noise which can propagate upstream to the power supply unit
(PSU) and couple into sensitive circuitry running off the PSU. In addition, conducted EMI aggressors
elsewhere in the system can pollute the input voltage and cause undesired behavior in the DCM.

In an array, there are good reasons for keeping the outputs in close proximity to each other. Since each
DCM internally senses its output terminal voltage, it is important to minimize the impedance of the PDN,
not only to the load but from one DCM to another. This, however, places a higher burden on the inputs
of the DCMs since their proximity may increase the possibility of interaction between the DCMs. Such
interactions may produce beat frequencies when DCMs run at slightly different frequencies. An example
of this was presented in Figure 19. An input filter that uses both series and shunt attenuation is a good
choice. An LC topology with some damping provides the shunt attenuation needed by way of the C to
ground. The C with supplemental ceramic bypass caps helps keep AC currents circulating locally to the
DCM'’s input. The series attenuation offered by the L helps to isolate the DCMs from each other. For
these reasons, each DCM should have its dedicated input filter network.

Output Capacitance

External ceramics placed locally to the +OUT terminal are recommended to help reduce output ripple
due to internal switching of the module and allow the user more control to mitigate effects of the PDN.
Additional output bulk capacitance as specified in the product datasheet can be added at the output as
a means of energy storage for fast load transients.
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Figure 23
PSC Vour _ser programming

Figure 24
PSC device information tab

VICOR

PMBus® Interface

Vicor provides a user interface called Power System Configurator (PSC) for ease of PMBus®
communication, for viewing telemetry and fault status of each DCM™ in the array. PSC provides a
separate tab for each DCM in the array to:

1. Change the output voltage set-point Vour ser for all DCMs in the array using the
group command protocol.

> Info  PMBus

Devices O

Configure new device

m =
Viout Enable group

DCM3T1T 0x52 commarnd command
2w om
DCM3TT 0x53
DCM3T1T 054
Group command
Select devices, Enter voltage above to send command
Device 2 B Device 3 B Device d B
Addr 52h 53h S4h

Store user code

Choose command

Vout command m

When programming the output voltage via PMBus using the VOUT_COMMAND (as described

in the product specification), the PMBus group command protocol should be used. The group
command protocol allows for a PMBus command to be sent to multiple units in succession but halts
execution by each module until the last command has been sent. This will cause all of the DCMs in
the array to wait until the last VOUT_COMMAND has been sent before collectively updating their
output voltage setting. Not using the group command protocol can lead to nuisance detection of
%ean_ni faults for units that are programmed lower than the others in the array.

2. Display device information.

Telemetry | | Faull

b4 Info  PMEBus »

Devices Telematry Summary

Win 5475V Vour 49.94V

Manufacturer information femp 27°C
DCM3T717 051

Device 1D 5140002 Device revision: set incorrect Manufacturer IV Copabiliny: 160

7 2

DOMET 05! . . EE S
Vout minimum: BY Viout madamurrc 15V

DCM3TIT 053 Vigw fault statug

EM3ETIT x54
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3.

Display telemetry readout of V\y, Vinv (Vour), and buck-boost internal controller temperature.

Figure 25
PSC telemetry tab
Pt g
Vin Vout = Tolomatry Summary O
ViIN S488Y Vour 4837V
Status Summary O
]
Temperature
4. Display the status of all faults.
Figure 26
PSC fault tab

x Status

N

Devices & .
CLEAR FAULTS

Q

Configure new device

BT Gl Status Word Manufacturer Status 1 Manufacturer Status 2 Manufacturer Status 3
DEM3TIT 053 @ PMBus comm event @ Negative cutput @ Q1 fast current limit
DEMITIT x4 ® Output overvaltage @ O3 slow current limit

® Input overvoltage @ O3 fast current limit

® Input undervoltage ® EA verinad

@ Fault pin falling edge

Visit Vicor Tools for more information on the Vicor Power System Configurator and to
download the installer.

Conclusion

In an array of DCMs, there is the benefit of increased power beyond that of a single module with
no electrical de rating. By following good layout practices, paying attention to the I/0 signals that

must be tied together, and implementing proper fusing and filtering the user can take full advantage
of this benefit.
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Appendix: DCM™ Product Information

Device

DCM3717S60E13G5TN1
DCM3717560D13KO0TN1
DCM3735560D13LOTN1

Pour
Max
(W)
750
1000

2000

Min

40

Input Voltage
(Vod
Typ

54

AN:702

Max

60

Min

10

Output Voltage
(Voo

Typ

12.2

Max

12.5

1/4
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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: (https:/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: https://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

©2024 - 2025 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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