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FRON$GRADE 51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter
Version #: 1.0.8 3/12/2025
Features

» Designed for aerospace and high reliability space applications
» Typical Efficiency > 90%
» Radiation performance
— Total dose: 50krads (Si), Dose rate = 0.01 rads (Si) /s
— SEL/SEB/SEGR: Immune up to 60 MeV-cm2/mg
¢ Vinrange 21Voc - 38Vbc
¢ Vourrange 0.8Vpc—12.0Vpc
« High density
e Small volume, 2.51L x 1.51W x 0.67H inch max
* Low weight: 70g, typical
¢ Gull winged power package enables surface mount installation to provide a low impedance interconnect to system board
¢ Contains built-in protection features
— Input overvoltage and undervoltage shutdown
— Overcurrent and short circuit protection
e Output remote sense
e Parallel operation
¢ Synchronization input
» Configurable Soft-Start
* Enable control
» 433KHz switching frequency
* -55°Cto +125°C operation (Ti)

Description

The Frontgrade Single Stage DC-DC Converters are a series of efficient isolated step-down regulators rated at 50 Watts
output. Remote sense provides accurate point-of-load voltage regulation.

The converters feature an isolated single-ended forward converter with secondary synchronous rectification. When the
current limit is exceeded, the converter enters a low duty cycle mode until the overcurrent condition is removed.
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FRON$GRADE 51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter

Version #: 1.0.8 3/12/2025

Figure 1: Single Converter Typical Application

Figure 2: Parallel Converters Typical Application
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FRON$GRADE 51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter

Version #: 1.0.8 3/12/2025

Figure 3: Single Stage DC-DC Converter Functional Block Diagram

Specifications
ABSOLUTE MAXIMUM RATINGS

PARAMETER RANGE UNITS
+VIN to -VIN -0.8 to 45 Ve
ENABLE to SGND -0.3to 5.5 Ve
SENSE- to VOUT- -0.1to 0 Ve
SENSE+ to VOUT+ 0to0.1 Ve
OS to SGND -0.3t0 2.75 Ve
SYNC to SGND -1.0to 5.5 Ve
Operating Temperature (T)) -55to +125 °C
Storage Temperature -55to +125 °C

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These
are stress ratings only; functional operation beyond the "Operation Conditions" is not recommended and extended
exposure beyond the "Operation Conditions" may affect device reliability.
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51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter
Version #: 1.0.8 3/12/2025
Electrical Characteristics
Specifications apply over all line and load conditions over the temperature range of -40°C < T, < +85°C measured at pins
unless otherwise noted.
Common Parameters
PARAMETER SYM CONDITIONS MIN TYP MAX UNIT
Input Voltage range Vin 21 28 38 Vbc
Input dv/dt -- - 1 V/us
Input quiescent current lo ENABLE open -- 13 30 mA
Vin =21V No Load 40 100 121 mA
Input current N Vin = 28V No Load 38 90 110 mA
Vin = 38V No Load 40 80 100 mA
From application of power (Vin=28V) 35 70 110 ms
) From application of power (Vin=38V) 25 50 75 ms
Output turn-on time Ton . ;
From application of power (Vin=21V) 50 100 220 ms
From ENABLE low, Vin pre-applied 1 4 6 ms
Output voltage rise time Trise 10% to 90% Vout 1.6 2.5 3.0 ms
Enable turn-off delay Toff ILTSuErgen:qgiE:Atgl}glflgnal change until 0.1 1 3 ms
Disable fall time Tfall \F/?)Illr??ftee?gnc]islgtgloe/ocgomﬁ::g nominal -- 6 -- ms
Current Share Accuracy rF;zl;trlr:/Snt.]oclgrerzLiransfer function, -22 +/-15 22 %
/(:éléﬂl:;é;oltage Setpoint Vs-err VIN = 28V, 50% Load, Ros not installed -0.5 -- 0.5 %
Output Voltage Trim Range Vos Using OS resistor -- -20% --
Switching Frequency Fo No external sync -- 433 -- kHz
Sync Voltage Vsync Sync pulse peak voltage 35 - 5.0 \%
Sync pulse width tsync Measured at 3.5V 10 20 100 ns
Sync pulse rise/fall time tsr / tsf - - 15 ns
Sync pulse frequency range Fsync f?g;ﬁtrlngg frequency is %2 sync 1,000 | - | 1,200 | kHz
Sync pin current Isync -6 -- 6 mA
Crablepin masimun dsabled. | gape | Ui ovebe coretee | - | < | s | w
Enable pin pull-up voltage Ven Open circuit 4 4.5 5 \%
Enable pin threshold voltage Ven-th 0.5 1.0 15 \%
Enable pin, current len Enable pin current during enable state 0.4 0.45 0.5 mA
Auxiliary output voltage 5VAUX 1k internal isolation resistor -- 5 -- Vbc
Input Capacitance Cin 8 11 15 uF
Input undervoltage turn-on Vin_uvton | Rising 13 - 20.5 Vbc
Input undervoltage turn-off Vin_uvtorr | Falling 12 - 19 Vbc
Input overvoltage turn-on Vin_ovton | Falling 38 - 46 Vbc
Input overvoltage turn-off ViN_ovTtorr | Rising 39 - 48 Vbc
Isolation Resistance 200VDC applied to all input pins tied 20 - -- MQ
together to all output pins tied together
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51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter
Version #: 1.0.8 3/12/2025
MODEL SPECIFIC PARAMETERS 51028080 51028100 51028120
PARAMETER | SYM CONDITIONS 0.8V 1.0V 1.2V UNIT
Output voltage Vout Vin=28v, 50% load
setpoint Ros not installed 0.8000 1.000 1.200 Voc
MIN | TYP |[MAX|MIN| TYP ([MAX|MIN | TYP |MAX
Output power Pourt At max mounting pin temp _ _ _
of 85°C (2) 0 3] 0 50 | 0 50 w
Output current lout Vo = Typ. 0 - |s5] o0 - |s0] o - | 42 Anc
Current limit lout_CL See NOTE 3 -- 70 -- -- 65 -- -- 55 -- Abc
Line regulation -01]00|01]|]-02|00]012]-01]00]{01 %
Load Regulation -03|]00|03}|-03(00]03]-03]00]03 %
- - 40°C to + 85°C o
Efficiency, Full load n Typ. Vout, Max Pout 84 87 -- 86 89 -- 88 91 -- %
- - 40°C to + 85°C
0, - - - 0,
Efficiency, 50% load n Typ. Vout, 50% Max Pout 86 89 87 91 88 91 %
Extern?_| Output Cout Requweq for stability and 1 10 | 12 1 10 | 12 1 10 | 12 mE
Capacitance transient response
20MHZ BW with minimum
Output ripple voltage | Vrip(PP) external output - - 8 - - 10 - - 12 mvV
capacitance
Step Load Transient Half to Full Load or ) _ ) _ ) _ o
Response Turan Full to Half Load (1) 25 25125 25125 25 &
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FRON-T-GRADE 51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter
Version #: 1.0.8 3/12/2025
MODEL SPECIFIC PARAMETERS 51028180 51028250 51028330

PARAMETER SYM CONDITIONS 1.8V 2.5V 3.3V UNIT
Output volt Vout Vin=28v, 50% load
seutppoL:n;l orage % }g]os ngt installzg 1.800 2.500 3.300 Voc

MIN | TYP | MAX | MIN (TYP | MAX| MIN | TYP | MAX

Output power Pour At max mounting pin temp

of 85°C (2) 0 - 50 0 - 50 0 - 50 w
Output current lout Vo = Typ. 0 - 28 0 - 20 0 - 15 | Aoc
Current limit lour_CL See NOTE 3 -- 36 -- -- 30 -- -- 22 -- Abc
Line regulation -0.1 ] 0.0 01 | -01]00|01]-01]00] 012 %
Load Regulation -03 00| 03 ]-03|00] 03]-03]|00] 03 %

- [of (o]
Efficiency, Full load N Typ4(\)/ocuiol\4/l-a8x5P(c:)ut g6 | 89| -~ |8 |[8o| - |88 |o1| - |

- [of (o]
Effiiency, 50%load | n | 1. vt%tcstgo;o &Safpout g8 o1 | ~ |8 |o1| - |88 |o2| - | %

External Output Required for stability and

Capacitance Cout transient response 1 4 6 ! 4 6 ! 4 6 m
20MHZ BW with minimum
Output ripple voltage | Vrip(PP) external output - - 18 - - 25 - - 33 | mV
capacitance
Step Load Transient Half to Full Load or o
Response Tran Full to Half Load (1) 25 25 1 -25 25125 251 %
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rRONTGRADC

51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter
Version #: 1.0.8 3/12/2025
MODEL SPECIFIC PARAMETERS 51028500 51028700 51028121
PARAMETER | SYM CONDITIONS 5.0V 7.0V 12.0V UNIT
Output voltage V Vin=28v, 50% load
pu 9 ouT ’ 5.000 7.002 12.02 Vioc
setpoint Ros not installed
MIN| TYP |[MAX|MIN|TYP |MAX|MIN| TYP [ MAX
Output power Pour At max mounting pin temp
of 85°C (2) 0 -- 50 0 -- 50 0 -- 50 W
Output current lout Vo = Typ. 0 - |1l o] -]71) 0| - |42 Anc
Current limit lout_CL See NOTE 3 -- 15 -- -- 10 -- -- 6 -- Abc
Line regulation 01|00 01]|]-01]00]01]-021]00] 01 %
Load Regulation -03|] 00| 03]|-03]00]03]-03]|]00] 03 %
- - 40°C to + 85°C o
Efficiency, Full load n Typ. Vout, Max Pout 88 | 93 - 88 | 93 - 88 | 93 - %
. - 40°C to + 85°C - -
Efficiency, 50% load n Typ. Vout, 50% Max Pout 88 | 93 - 88 | 93 -- 88 | 93 -- %
Externf:ll Output Cout Requweq for stability and 0 5 4 0 > 4 0 2 4 mE
Capacitance transient response
20MHZ BW with minimum
Output ripple voltage | Vrie(PP) external output -- -- 50 -- -- 70 -- -- 120 mV
capacitance
Step Load Transient Half to Full Load or ) _ ) _ ) _ 0
Response Tran Full to Half Load (1) 25 25 125 2.5 125 2:5 &

1. At typical specified external output capacitance. Increasing output capacitance can reduce step load response.
2. Derate Pout linearly from 100% to 0% from 85°C to 125°C
3. Inaddition to current limit units will cycle approximately 10ms ON and 250ms OFF in order to reduce stress during short-circuit

operation.
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FR0N$GRADE 51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter
Version #: 1.0.8 3/12/2025
Efficiency

Figures 4-6 illustrates the typical efficiency over temperature with a 28V input voltage

4350 Centennial Blvd., Colorado Springs, CO 80907 e frontgrade.com e sales@frontgrade.com Page 9 of 17



FR0N$GRADE 51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter

Version #: 1.0.8 3/12/2025

Power dissipation at low loads (<10W) can be estimated with the following equation:
Pd (Watts) = [0.0007 * Vin?] + 0.86 + [Vout * 0.05] + [Pout * 0.03]

Typical efficiency at 5W output is 70-76%.

Mechanical Characteristics
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FRON-T-GRADE 51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter

Version #: 1.0.8 3/12/2025

Pin / Control Functions

+VIN, -VIN INPUT PINS

These pins are the input voltage to the converter. The maximum input voltage should not be exceeded. Operation outside
the maximum specified input voltage is not guaranteed. The OVP circuit will help protect the unit and output loads from
damage due to excessive input voltage; the application of voltages above 50V may cause permanent damage to the single
stage converter.

VOUT+, VOUT- OUTPUT PINS

These pins are the output from the converter, which are isolated from the input for up to 200VDC. The required output
capacitance is connected across these pins. The capacitance value is chosen for both stability and the amount required to
meet ripple voltage and transient voltage regulation.

GA+, GA- GAIN ADJUST PINS

The gain adjust pins should be left unconnected for single converter configurations. When two converters are operated in
parallel, GA+ should be connected to GA- at each converter. This reduces the converter gain by 6 dB to maintain robust
stability margins. These pins should not be routed to the rest of the board and should be kept away from large ripple
voltages. Master and Follower gain adjust pins should NOT be connected to each other.

EN ENABLE PIN

The converter output is enabled when the EN pin is pulled low, and disabled when floating or pulled to 5V. Open collector
optocouplers, transistors, or relays can be used to control the EN pin. The EN should not be switched in a repetitive mode.
In parallel configurations, the follower EN pin should be left floating.

CURRENT LIMIT FUNCTION

The converter has a maximum current limit set point, when exceeded the converter current limits and operates in a
constant current mode.

If the output is shorted to ground through a very low resistance, the converter will operate at a minimum on-time set by
the propagation delay of the current sense circuit. Peak current under this condition may be significantly above the current
limit. The converters will enter a protective hiccup-mode which disables the converter for approximately 250 ms before the
converter retries applying power to the output.

SENSE+, SENSE- REMOTE SENSE INPUT PINS

The Sense+ and Sense- pins allow the Single Stage converter to provide excellent load regulation and reduce the sensitivity
of the power converter regulation to the distribution resistance. Peak ripple voltage on the sense lines should be under +/-
1% of the nominal output voltage for output voltages of 0.8V to 1.2V. For voltages above 1.2V, peak ripple should be kept
under +/- 2% of the nominal output voltage. This can be achieved by ensuring that there is adequate output capacitance on
the output and locating the remote sense points at or near this capacitance. When locating the sense lines downstream of
the capacitance (e.g. on the die of an FPGA), it should be ensured that the steady-state ripple currents of the FPGA will not
cause ripple voltage above the stated values.

The resistance between the converter power output and the remote sense point should be kept less than 1 mQ each.

The Sense pins should be routed as a pair with the inductance between them minimized. Resistance between the remote
sense points and the sense pins of the converter should be kept less than 100 mQ.

The resistance between the remote sense pins and the converter will act as a resistive divisor with on-board 30-ohm
protection resistors which will cause a shift in DC regulation approximately equal to (Rremote-sense)/30 * [(Vout measured
on the SSC) — (Vout measured at the remote sense)].
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FRON-T-GRADE 51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter

Version #: 1.0.8 3/12/2025

SGND SIGNAL GROUND PINS
These are Signal Ground pins and provide the return for the OS, SS, SYNC and EN pins. They are internally connected to the
output ground and should not be externally grounded.

SYNC SYNCHRONIZATION INPUT PIN

This pin provides an input for an external synchronization signal. The sync pin should be driven with a 3.3 to 7V level pulse
having a pulse width of 5 to 100ns. The converter will synchronize itself to 50% of the sync pulse frequency. It is not
deterministic which edge of the sync pulse will be aligned with the converter switching edge. When two converters are
synchronized using the sync pins, they will operate either in phase or 180 degrees out of phase. The rise and fall time of the
sync signal should be less than 15ns under all conditions. If SYNC is not used, it is recommended to connect the SYNC pin to
SGND to avoid noise pickup.

5VAUX AUXILIARY OUTPUT PIN
This pin provides a 5V output which may source or sink current. It has an internal 1k resistor in series.

SS SOFT START PIN
This pin allows for rise time longer than the default 2 ms by adding an external capacitor. The 10% to 90% rise time can be
calculated by the following function in which Css is the external capacitance:
Tss ~=2.2 * 2kQ * (0.47uF+C_ss)

OS OUTPUT SET PIN
The output voltage may be reduced from the setpoint by connecting a resistor (Ros) between OS and SGND. Calculate the
Ros value in ohms using these equations:

Rp = (Vout*200Q) / (1.01*Vset - Vout)

Ros = (20,000 Q * Rp) / (20,000 Q - Rp)

Where:
Vout is the new output voltage desired,
Vset is the output voltage with no Ros installed.

In order to maintain the tight output voltage tolerances, a 0.1%, 25ppm resistor is recommended for Ros.

MO, MI MASTER-OUT, MASTER-IN PINS

These pins allow two converters to share control when configured to operate in parallel. When converters are paralleled,
connect both the Follower and the Master Ml pins to the Master MO pin. When used individually, connect the same
module MO and Ml pins together.

TEMP1, TEMP2 THERMISTOR PINS

These pins connect to a thermistor mounted inside the converter. They should be read by a circuit referenced to secondary
ground. The temperature may be calculated in degrees C from its measured resistance, Rt, in ohms by using the Steinhart—
Hart equation:

T = 1/{A1+(B1*Ln(Rt/10kQ))+(C1*Ln(Rt/10kQ))?+(D1*Ln(Rt/10kQ))3} -273.15 degrees C

Where Rt is the measured resistance, and using the following constants:
Al =0.003354016
B1 =0.000257077
C1=1.89389E-06
D1 =1.89729E-07
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FRON-T-GRADE 51028XXX SERIES

DATASHEET SCD51028000 Single Stage Isolated DC-DC Converter
Version #: 1.0.8 3/12/2025
PARALLEL OPERATION

The Single Stage Converter can be operated stand-alone or with two units in parallel. When operating in parallel, all
datasheet recommendations should be followed including:
1. Master-out/Master-in control pins must be connected as shown in figure 2.
2. Gain Adjust pins should be tied together at each converter.
3. The Master Converter Remote Sense pins should be connected at or near the load capacitance.
4. VOUT+ and VOUT- pins should be routed to provide similar impedance between each power converter output
and the load.
5. An externally generated sync signal should be applied to both converter SYNC pins to eliminate beating effects
on the output ripple voltage and input ripple current.

LAYOUT RECOMMENDATIONS

The following layout guidance is recommended:
1. The external layer on the side that the module is installed on should have a secondary power ground fill.
2. Power output should be connected to one or more internal planes or partial planes. Extra vias should be
provided to reduce ohmic losses to the extent feasible.
3. (parallel only) If modules are connected in parallel for higher current, the impedance between their output and
the load should be balanced to the maximum extent possible.
4. SENSE leads should be routed as a differential pair with their inductance minimized from the output capacitor
bank to the converter pins. They should be routed adjacent to a secondary ground plane and kept away from noisy
signals such as the sync signal.
5. Output capacitance should be located to minimize the impedance between it and the devices being powered.
The remote sense pins should be connected at the output capacitance.
6. (parallel only) MASTER-OUT/MASTER-IN signals should be routed on a layer adjacent to a secondary ground
plane and kept away from noisy signals.
7. SGND should not be connected to power ground external to the module. It is internally connected.
8. If an Output Set resistor is used, it should be close to the OS and SGND pins.
9. If a Soft Start capacitor is used, it should be close to the SS and SGND pins.
10. The sync circuit and enable circuits should be referenced to signal ground.
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Ordering Information

DLA SMD # \ Screening Package

51028XXX -7 — Commercial Flow, +25°C testing only

High Reliability Space Grade

Operating Temperature Range -55°C to 125°C
The tests were performed in accordance with the Defense Logistics Agency’s MIL- 61-lead PCB
STD-883 Test Methods which included External Visual (2009), Internal Visual & Module
51028XXX -S — Mechanical (2014), Temperature Cycling (1010), Constant Acceleration (2001),
Random Vibration (2026), End-Point Electrical (in accordance with device
specification), and Life Test (1005). Frontgrade is pursuing MIL-PRF-38534 Class L
qualification with the Defense Logistics Agency. The equivalent device is available
as a Frontgrade model part number.

Ww"’*w

51028XXX - X

n

» Screening Level:

S = Space Grade
7 = Engineering / Prototype units

A 4

Output Voltage:

080 =0.8Vv
100 =1.0V
120=1.2V
180=1.8V
250 = 2.5V
330=3.3V
500=5.0V
700 =7.0V
121 =12.0V

Example P/N : Space Grade 5V: 51028500-S
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Revision History

Date ‘ Revision #\ Author ‘ Change Description
02/12/2025  1.0.7 st Bewsed Per ECN 25700., Im.port |nt9 Frontgrade format, update various technical
information, add ordering information
03/12/2025|1.0.8 SL Revised per ECN 25722

Datasheet Definitions

Definition

Advanced Datasheet Frontgrade reserves the right to make changes to any products and services described herein at any time
without notice. The product is still in the development stage and the datasheet is subject to change.
Specifications can be TBD and the part package and pinout are not final.

Preliminary Datasheet Frontgrade reserves the right to make changes to any products and services described herein at any time
without notice. The product is in the characterization stage and prototypes are available.

Datasheet Product is in production and any changes to the product and services described herein will follow a formal
customer notification process for form, fit or function changes.

Frontgrade Technologies Proprietary Information Frontgrade Technologies (Frontgrade or Company) reserves the right to make changes to any products
and services described herein at any time without notice. Consult a Frontgrade sales representative to verify that the information contained herein is
current before using the product described herein. Frontgrade does not assume any responsibility or liability arising out of the application or use of any
product or service described herein, except as expressly agreed to in writing by the Company; nor does the purchase, lease, or use of a product or service
convey a license to any patents, rights, copyrights, trademark rights, or any other intellectual property rights of the Company or any third party.
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