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[bookmark: _Toc180135475][bookmark: _Toc180135589][bookmark: _Toc265768374][bookmark: _Toc534720504]Purpose

This document reports data and analysis for the part stress analysis of the MEPS unit of the Lagrange L5 In-Situ Consortium

[bookmark: _Toc180135476][bookmark: _Toc180135590][bookmark: _Toc265768375][bookmark: _Toc534720505]Scope

This document applies to the current design of the electronics for MEPS.
The circuits analyzed in this document can be separated according to engineering and scientific purpose. For example, the power circuits are engineering in purpose, and the sensor preamp and shaper circuits are scientific in purpose. This analysis is confined to engineering circuits because of the specialized nature of the scientific circuits, some of which are ‘tuned’ before population but after design, and some of which involve very small currents with low stress on circuit components.

[bookmark: _Toc180135477][bookmark: _Toc180135591][bookmark: _Toc265768376][bookmark: _Toc534720506]Project outline

The MEPS instrument is a particle instrument measuring the energy spectra and angular distributions of energetic electrons (30-600 keV) and ions (30-6000 keV/nuc). The full experiment consists of one unit which provides a double-ended telescope pairs (sensor heads) with four view cones per pair, two dedicated for electrons and two for ions. Utilizing any spin of the spacecraft, MEPS observations cover the full sky with a total of eight electron and eight ion view cones. As the L5 S/C is not a spinner, MEPS still provides crucial pitch-angle information to determine whether the event is scatter free. This is an important indicator for interpreting the timing information of the space weather event. Figure 1 shows a single MEPS unit, with eight view cones.
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[bookmark: _Ref513538726][bookmark: _Ref534193256][bookmark: _Ref534193233][bookmark: _Toc534194122][bookmark: _Toc534205674][bookmark: _Ref534720251]Figure 1: MEPS single unit CAD-study with two sensor heads, each of which has two double-ended telescopes. One MEPS unit provides eight view cones in total, four for electrons and four for ions.








	Units: 1

	Sensors: 2 per unit

	FoVs: 4 double FoVs per unit. The FOVs for each sensor are separated by 70°
[image: C:\Users\Cesar Martin\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\K3ITX40U\tlg-meps-c2_sh_top_240mm-110deg.png]


	Angular resolution: 45° full angle

	Energy range:

	· 30keV/n-6MeV/n for the 20-300-300 um detector stack solution

	Volume: 300x160x175 mm3 (including potential radiators and MLI)

	Power: 5W for 1 unit

	Mass: 2.4 kg for 1 unit

	Data Products: Particle VDF

	Cadence: 5(1) minutes

	TRL: 6 (most parts 8-9)


[bookmark: _Toc534194129][bookmark: _Toc534205684]Table 1: Proposed MEPS instrument heritage of MEPS from EPT Solar Orbiter Technical Parameters
The two ends of a telescope observe electrons and ions, respectively. Each telescope consists of a stack of three solid-state detectors (Figure 2). On one end, the outer detector is covered with a thin polyimide layer or parylene foil (TBC), stopping ions below a few hundred keV/nuc but letting electrons pass almost unaffected. This uppermost detector (300 μm thick Si) on this side is operated in anticoincidence with the second (middle) detector and thus observes the energy spectrum of stopping electrons. The other end of the telescope has a broom magnet (instead of a PI layer) that defects electrons below a few hundred keV (see Figure 2 for electron deflection measured with the Solar Orbiter EPT EM). This side of the telescope employs a 20 μm thick Si detector in front of the 300 μm Si detector in the middle, which thus form an ion telescope observing at energies from 30-6000 keV/nuc. Ions passing the thin first detector can be identified at high energies (MeV/nuc range) using the d E/dx vs. E technique, operable at Ekin ≥ 1 MeV/nuc for protons and alphas and ≥ 2 MeV/nuc for heavier species. Lower ion energies can nevertheless be resolved using the middle detector as an anticoincidence: Anything above 1.2 MeV energy deposit in the thin detector is heavier than protons, which in return means that the thin detector may be used as a Z ≥ 2 channel SSDs for deposited energies > 1.2 MeV (or 300 keV/nuc for He). The same logic applies for penetrating He, enabling a Z ≥ 6 channel for energies > 4.8 MeV; or 420 keV/nuc for C, 360 keV/nuc for N and 310 keV/nuc for O.
[image: ]
[bookmark: _Ref513538798][bookmark: _Ref534205138][bookmark: _Toc534194130][bookmark: _Toc534205675]Figure 2: Working principle of an EPE double-ended telescope. The polyimide layer stops ions but lets electrons pass, whereas on the other side electrons are deflected by magnets and ions pass unaffected. The thin detector on the right side enables the separation of different ion species via the d E/dx vs. E-method (in the MeV/nuc energy range; for the separation at lower energies see text).
The permanent magnets of one sensor head (double-ended telescope pair) form a quadrupole, significantly reducing the far field. The far field is reduced even further by the other sensor head on the same unit, since its quadrupole forms an angle of 70° with respect to the first sensor head. The MEPS unit integrates the sensors and electronics in a single package. Right below the sensors in the electronic box are the preamp boards, followed by an analogue board and the back-end electronics (digital and LVPS-board[s]). Pre-flight ground energy calibration (1 % level) of all detector elements, on-axis active area calibration, selected off-axis directions active area calibration and dead-time calibration will be performed. Calibration quality will be monitored in-flight using measured data and cross-calibration with suprathermal electron/ion instruments. 
[image: ]
[bookmark: _Ref513538836][bookmark: _Toc534194131][bookmark: _Toc534205676]Figure 3: Electron Proton Telescope on Solar Orbiter (EPT) EM measurements with a Bi- 207 source. The conversion electron lines at 482 keV and 554 keV are seen on the PI-side (Det 1) but vanish on the magnet-side (Det 2).


[bookmark: _Toc244791157][bookmark: _Toc534194104][bookmark: _Toc534720507]Details of MEPS

Figure 4 shows the LGR In-situ suite star configuration.



[bookmark: _Ref534194295][bookmark: _Ref534205176][bookmark: _Toc244791174][bookmark: _Toc534194132][bookmark: _Toc534205677]Figure 4 MEPS as part of the Lagrange L5 In-situ Consortium


[bookmark: _Toc265768377][bookmark: _Toc534720508]Unit level details of MEPS

The sensors MEPS-A and MEPS-B share an Electronics Box and are therefore analyzed together as follows.

	Unit
	Board

	MEPS-A
	MEPS-A Preamp

	MEPS-B
	MEPS-B Preamp

	Ebox
	MEPS Analog ADC Shaper

	Ebox
	MEPS Digital

	Ebox
	MEPS Power (LVPS)




[image: ]
[bookmark: _Toc534205678]Figure 5 MEPS block diagram
[bookmark: _Toc292702733][bookmark: _Toc180129464][bookmark: _Toc265768378][bookmark: _Toc534720509]GLOSARY AND DEFINITIONS

[bookmark: _Toc180129465][bookmark: _Toc265768379][bookmark: _Toc534720510]Acronyms and Abbreviations

	CME
	Coronal Mass Ejection

	DOCS
	Deep-space Optical Communication System

	DPU
	Data Processing Unit

	EDAC
	Error Detection and Correction

	EEE
	Electrical, Electronic and Electro-mechanical

	EMC
	Electro-Magnetic Cleanliness

	EOL
	End of Life

	EPT
	Electron Proton Telescope

	HV
	High Voltage

	IMF
	Interplanetary Magnetic Field

	LCL
	Latch Current Limiter

	LET
	Linear Energy Transfer

	LGR
	Lagrange

	MAG
	Magnetometer

	MCP
	Microchannel Plate

	MEPS
	Medium Energy Particle Spectrometer

	MICD
	Mechanical Interface Drawing

	MRAM
	Magneto-Resistive Memory

	NGRM
	Next Generation Radiation Monitor

	PLA
	Plasma Analyser

	RADEM
	Radiation Monitor

	RAM
	Random Access Memory

	RAMS
	Reliability, Availability, Maintainability, Safety

	RM
	Radiation Monitor

	SEE
	Single Event Effects

	SEP
	Solar Energetic Particles

	SIR
	Stream Interaction Region

	SIXS
	Solar Intensity X-ray and particle Spectrometer

	SO
	Solar Orbiter

	SRAM
	Static Random Access Memory

	SSA
	Space Situational Awareness

	IS
	Solar Wind Analyser

	TC
	Telecommand

	TID
	Total Ionizing Dose

	TM
	Telemetry

	TOF
	Time of Flight

	XFM
	X-ray Flux Monitor





[bookmark: _Toc180129466][bookmark: _Toc265768380][bookmark: _Toc534720511]APPLICABLE AND REFERENCE DOCUMENTS (from Solar Orbiter)

	ID.
	Title
	Reference
	Iss./Rev.
	Date

	AD-01
	Product Assurance Requirements for instruments
	SOL-EST-RS-1937
	2 / 1
	2011-04-15

	AD-02
	EID-B
	SO-EPD-EID-00001
	2 / 4 draft
	2011-03-18

	AD-03
	EID-A
	SOL.EST.RCD.0050
	4
	2011-02-28

	AD-04
	Science Performance Document
	SO-EPD-PO-RP-0002
	2 / 1
	2014-05-23

	AD-05
	DRD for SO Payload
	SOL.EST.LI.2241
	1 / 0
	2011-10-15

	AD-06
	EPT-HET and STEP Circuit Diagrams
	SO-EPD-KIE-CD-0010
	2 / 0
	2013-10-08

	AD-07
	EPT-HET and STEP Block Diagrams
	SO-EPD-KIE-BD-0010
	2 / 0
	2013-10-08

	AD-08
	EPT-HET and STEP EEE List
	SO-EPD-KIE-LI-0050
	1 / 3
	2014-06-13



[bookmark: _Toc534205685]Table 2 Applicable documents

	ID.
	Title
	Reference
	Iss. / Rev.
	Date

	ND-01
	Space product assurance: Dependability
	ECSS-Q-ST-30C
	C
	2009-03-06

	ND-02
	Space product assurance: Derating EEE components
	ECSS-Q-ST-30-11C
	C
	2011-10-04

	ND-03
	JPL Reliability Analyses Handbook
	JPL D-5703
	
	1990-07

	
	
	
	
	

	
	
	
	
	


[bookmark: _Toc534205686]Table 3 Normative documents


	ID.
	Title
	Reference
	Iss. / Rev.
	Date

	RD-01
	
	
	
	


[bookmark: _Toc534205687]Table 4 Reference documents



[bookmark: _Toc292702739][bookmark: _Toc180129470][bookmark: _Toc265768381][bookmark: _Toc534720512]PSA requirements

[bookmark: _Toc180129471][bookmark: _Toc265768382][bookmark: _Toc534720513]Applicable Dependability Requirements

The PSA is called for in AD-01 (RAMS 250), with reference to
ND-01 §6.4.2.8 to assure part stress is compliant with derating rules, and
ND-02 the ECSS reference for part derating rules, 
and is a Lagrange L5 deliverable (AD-03 §12.8). The PSA shall be performed with the highest stresses compatible with operational conditions (AD-05 §3.46) and be compared with part derating rules (ND-02).





[bookmark: _Toc534720514]Circuit breakdown
Block diagrams summarize the circuit structure.

[bookmark: _Toc534720515]MEPS
[image: ]
[bookmark: _Toc534205679]Figure 6 MEPS circuit block diagram
The boards are delineated approximately on the block diagram, but we refer to board level block diagrams to indicate subcircuits as analysed.

[image: ]
[bookmark: _Toc534205680]Figure 7 MEPS LVPS board circuit breakdown

[image: ]
[bookmark: _Toc534205681]Figure 8 MEPS Digital board circuit breakdown

[image: ]
[bookmark: _Toc534205682]Figure 9 MEPS Analog board circuit breakdown

[image: ]
[bookmark: _Toc534205683]Figure 10 circuit breakdown MEPS-A Preamp and MEPS-B Preamp board







[bookmark: _Toc534720516]SPICE models

The following table provides details of the correspondence of block diagram units and board level implementation.

	EH ref
	Board
	Assemblies
	SPICE model

	A1.00
	LVPS
	
	

	A1.01
	LVPS
	Input EMI
	Emi-filter

	A1.02
	LVPS
	Flyback Converter
	PWM-controller-isl78841

	A1.03
	LVPS
	RF Transformer
	Solo-lvps-rf-transformer

	A1.04
	LVPS
	Power transformer
	

	A1.05
	LVPS
	ISR ANA ADC 3.3V
	

	A1.06
	LVPS
	ISR DIG FPGA1 1.5V
	

	A1.07
	LVPS
	ISR DIG FPGA2 1.5V
	

	A1.08
	LVPS
	ISR DIG 1.8V
	

	A1.09
	LVPS
	ISR DIG 3.3V
	

	A1.10
	LVPS
	LDO ANA +6.0V
	Solo-positive-and-negative-ldo

	A1.11
	LVPS
	LDO ANA -6.0V
	Solo-positive-and-negative-ldo

	A1.12
	LVPS
	Bias LRCS
	Solo-bias-currentsource-and-monitor_step (1)

	
	
	
	Solo-bias-currentsource-and-monitor_step (1)

	2.00
	DIG
	
	

	2.01
	DIG
	LVDS I/F
	

	2.02
	DIG
	Clock
	

	2.03
	DIG
	LDOs SHA +-5.0V
	Solo-positive-and-negative-ld

	3.00
	ANA
	
	

	3.01
	ANA
	ADC shaper & HK
	

	3.02
	ANA
	Shaper
	

	4.00
	EPT PA
	
	

	4.01
	EPT PA
	Preamps
	

	4.02
	EPT PA
	LDO PA
	Solo-positive-and-negative-ldo

	4.03
	EPT PA
	LDO ref, fet
	Solo-positive-and-negative-ldo

	4.04
	EPT PA
	CM Filter
	

	5.00
	HET PA
	
	

	5.01
	HET PA
	Preamps
	

	5.02
	HET PA
	LDO PA
	Solo-positive-and-negative-ldo

	5.03
	HET PA
	LDO ref, fet
	Solo-positive-and-negative-ldo

	5.04
	HET PA
	CM Filter
	

	
	
	
	


(1) or solo-bias-improved-monitor_step_100krad





[bookmark: _Toc534720517]Part Stress

For the purpose of analysis the LVPS has been broken into the assemblies listed in the previous table.

[bookmark: _Toc534720518]EMI filter

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	R201, R205
	400102701R560F
(SMP-PW 2010 0.56R 1% 50ppm)
	Voltage: 200V
Power: 2W
	160V
1W
	< 112mV
< 0.022mW PEAK of >50W
for 1ms
	0.22

	2
	R202, R204
	40010260124R9F4
(CHRP0603)
	Voltage: 50V

Power: 0.1W
	40V

0.05W
	0V - 28V @ startup
0mW - 31W for 0.25μs
	0.7

	3
	R203
	4001026011004G6 (CHPHR0603)

	Voltage: 50V
Power: 0.1W 
	40V
0.05W
	28V
<1mW
	0.22
0.2

	4
	C201, C202, C206, C207
	CNC12 02SC 103KL (CNC12)

	Voltage: 200V
Temp:  125°C
	120V
<125°C
	28V
+85°C
	0.23
0.68

	5
	C203, C204, C205
	300103809C825KE
	Voltage: 200V
Temp: 125°C
	120V
<125°C
	28V
+85°C
	0.23
0.68

	6
	L204
	HCESC 10 M47 1S
	Current: 0.4A
Temp: 125°C
	~
100°C
	<200mA
85°C
	~
0.85

	7
	L201, 
	SESI 9.1 10K 2WR
	Current: 1.85A
Temp: 125°C
	~
100°C
	<200mA
85°C
	~
0.85

	8
	L202, L203, L205, L206
	ESI 7 8K4 1S
	Current: 0.6A
Temp: 125°C
	~
100°C
	<200mA
85°C
	~
0.85

	9
	D201, D202
	1N5806U02A

	Ifw: 2.5A
Rev Volt: 150V
Tjmax: 175C
	1.25A
112.5V
110C
	<200mA
0V
85C
	0.16
~
0,77




[bookmark: _Toc534720519]Inrush circuit

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	C305, C306, C311
	300103809C395KE (CNC54)

	Voltage: 100V
Temp: 125°C
	60V
125°C
	28V
85°C
	0.46
0.68

	2
	C302, C303, C304, C307, C308,  C309, C310, 
	300103809C825KE

	Voltage: 100V
Temp: 125°C
	60V
125°C
	28V
85°C
	0.46
0.68

	3.1 changed
	C301, C314, C316, C317
	300900807C104KC

	Voltage: 50V

Temp: 125°C
	30V

125°C
	<1V, 12V, <12V,<12V
85°C
	0.03, 0.4
0.68

	3.2 changed
	C315
	301200403C336 KD0300
	Voltage: 20V
Temp: 125°C
	12V
125°C
	12V
85°C
	1
0.68

	4
	R301, R304
	4001026031000F4 (CHPHR1206)

	Voltage: 300V

Power: 0.25W
	240V

0.125W
	34mV, <1mW
0V,0W - <10mW
for <20ms @
startup
	

0.08

	5
	R303
	4001026013322F4 (CHPHR0603)

	Voltage: 50V
Power: 0.1W
	40V
0.05W
	16V
26mW

	0.4
0.52


	6
	Q301
	JANSR2N7616UB

	VDS: 60V
VGS: 10V
IDS: 0.5A
Power: 0.6W
Tjmax: 150°C
Rad: 100kRad (Si)
	48V
7.5V
0.375A
0.39W
110°C
100kRad
	16V
0.3V
0mA
0mW
85°C
100kRad
	0.33
0.04
~
~
0.77
100KRad


	7
	D302
	JANS1N4467US

	Izsm nonrep: 119mA
Izsm rep: 2.5A

Power diss: 1.5W
Tjmax: 175C
	71.4mA

0.96A

0.975W
110°C
	1.6mA

No surge current
19.2mW
85°C
	0.022

~

0.02
0.77

	8
	D303
	1N5806U02A

	Ifw: 2.5A
Rev Volt: 150V
Tjmax: 175C
	1.25A
112.5V
110°C
	<10mA
0V
85°C
	0.008
~
0.77

	9
	L301
	ESI 7 8K4 1S
	Current: 0.6A
Temp: 125
	~
100
	<200mA
85
	~
0.85









[bookmark: _Toc534720520]5V Regulator

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	Q302
	SOC5551SW (2N5551)
	VCEO: 160V
VCBO: 180V
VEBO: 6V
IC: 0.5A
Power: 0.36W
Tjmax: 200C
Rad: 100kRad(Si)
	120V
135V
4.5V
0.365A
0.234W
110°C
100kRad
	<7V
<7V
0V
<100mA
<136mW
85°C
100kRad
	0.06
0.05
~
0.27
0.58
0.77
100kRad

	2
	D306
	JANS1N6491US (1N6491)
	Izsm nonrep: 255mA
Izsm rep: 2.5A
Power diss: 1.5W
Tjmax: 175C
	204mA
1.625A
0.975W
110°C
	<21mA
0A
<118mW
85°C
	0.1
~
0.12
0.77

	3
	R312
	40010260110R0F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<0.13V
<2mW
	0.003
0.04

	4
	 R307, R308, R309
	4001026021820F4 (CHPHR0805)
	Voltage: 100V
Power: 0.2W
	80V
0.1W
	<7V
<68mW
	0.087
0.68

	5
	C320, C326
	300103706C475KA
	Voltage: 25V

Temp: 125°C
	15V

125°C
	<12V, 5V

85°C
	0.8, 0.33

0.68

	6
	C321, C322, C324, C329
	300900807C104KC
	Voltage: 50V

Temp: 125°C
	30V

125°C
	12V,<12V, 5.6V,5V
85°C
	0.4, 0.033, 0.16
0.68




[bookmark: _Toc534720521]Switching regulator: ISR FPGA 1.5V

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	IC401,IC402
	MSK5059RHG

	Vin: 16V
Iout: 4.5A
Tjmax: 150°C
	14.4V
3.6A
110°C
	6.7V

85°C
	0.46

0.77

	2
	D401, D404
	1N6642U02D

	Ifw: 0.3A
Rev Volt: 100V
Tjmax: 175C
	0.15A
75V
110°C
	<10mA
<5V
85°C
	<0.06
<0.06
0.77

	3
	D403, D405
	1N5822U02B

	Ifw: 3A
Rev Volt: 40V
Tjmax: 150°C
	1.5A
30V
110°C
	<500mA
<7V
85°C
	<0.33
<0.23
0.77

	4
	L402, L404
	SESI 9.1 10K 2WR
	Current: 1.85A
Temp: 125°C
	~
100°C
	<1A
85°C
	~
0.85

	5
	L403, L405
	ESI 7 1K2 1S
	Current: 1.6A
Temp: 125°C
	~
100°C
	<1A
85°C
	~
0.85

	6
	C402, C415
	300103706C106KX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6.7V
85°C
	0.7
0.68

	7
	C401, C414
	300900906C474KX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6.7V
85°C
	0.7
0.68

	8
	C408, C409, C410, C417, C418, C419
	301200405C157KC0040

	Voltage: 16V@85°C
Ripple: 94mV@85°C

Temp: 125°C
	9.6V
94mV

125°C
	1.5V
2mV, <1mV,
<1mV, 2mV
85°C
	0.16
0.02, <0.01
0.68

	9
	C407, C416
	300103708C476KX (CNC34)
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	1.5V
85°C
	0.16
0.68

	10
	C412,C421
	300900306C1501FC

	Voltage: 50V
Temp: 125°C
	30V
125°C
	1.5V
85°C
	0.05
0.68

	11
	C411, C420
	300903706C1001FX 
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	<1V
85°C
	<0.1
0.68

	12
	R402, , R407
	4001026011001F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<3V
<2mW

	<0.075
<0.04

	13
	R404, R409
	4001026011002F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<2mW

	<0.05
<0.04


	14
	R401, R406
	400102309R1001B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<2mW

	<0.05
<0.04


	15
	R403, R408
	400102309R4221B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<3V
<2mW

	<0.075
<0.04




[bookmark: _Toc534720522]Switching regulator: ISR SRAM 1.8V

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	IC404
	MSK5059RHG

	Vin: 16V
Iout: 4.5A
Tjmax: 150°C
	14.4V
3.6A
110°C
	6.7V

85°C
	0.46

0.77

	2
	D408
	1N6642U02D

	Ifw: 0.3A
Rev Volt: 100V
Tjmax: 175C
	0.15A
75V
110°C
	<10mA
<5V
85°C
	<0.06
<0.06
0.77

	3
	D409
	1N5822U02B

	Ifw: 3A
Rev Volt: 40V
Tjmax: 150°C
	1.5A
30V
110°C
	<500mA
<7V
85°C
	<0.33
<0.23
0.77

	4
	L408
	SESI 9.1 10K 2WR
	Current: 1.85A
Temp: 125°C
	~
100°C
	<0.15A
85°C
	~
0.85

	5
	L409
	ESI 7 8K4 1S
	Current: 0.6A
Temp: 125°C
	~
100°C
	<0.15A
85°C
	~
0.85

	6
	C430
	300103706C106KX

	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6.7V
85°C
	0.7
0.68

	7
	C427
	300900906C474KX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6.7V
85°C
	0.7
0.68

	8
	C431, C432
	301200405C157KC0040

	Voltage: 16V@85°C
Ripple: 94mV@85°C

Temp: 125°C
	9.6V
94mV

125°C
	1.8V
2mV, <1mV

85°C
	0.187
0.02, <0.01
0.68

	9
	C434
	300900306C1501FC
	Voltage: 50V
Temp: 125°C
	30V
125°C
	1.8V
85°C
	0.06
0.68

	10
	C433
	300903706C1001FX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	<1V
85°C
	<0.1
0.68

	11
	R415
	4001026011001F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<3V
<2mW
	<0.075
<0.04

	12
	R417
	4001026011002F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<2mW
	<0.05
<0.04


	13
	R414
	400102309R1581B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<2mW
	<0.05
<0.04


	14
	R416
	400102309R3241B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<3V
<2mW
	<0.075
<0.04



[bookmark: _Toc534720523]Switching regulator: ISR DIG 3.3V

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	IC403
	MSK5059RHG

	Vin: 16V
Iout: 4.5A
Tjmax: 150°C
	14.4V
3.6A
110°C
	6.7V

85°C
	0.46

0.77

	2
	D406
	1N6642U02D

	Ifw: 0.3A
Rev Volt: 100V
Tjmax: 175C
	0.15A
75V
110°C
	<10mA
<5V
85°C
	<0.06
<0.06
0.77

	3
	D407
	1N5822U02B

	Ifw: 3A
Rev Volt: 40V
Tjmax: 150°C
	1.5A
30V
110°C
	<500mA
<7V
85°C
	<0.33
<0.23
0.77

	4
	L406
	SESI 9.1 10K 2WR
	Current: 1.85A
Temp: 125°C
	~
100°C
	<0.2A
85°C
	~
0.85

	5
	L407
	ESI 7 8K4 1S
	Current: 0.6A
Temp: 125°C
	~
100°C
	<0.2A
85°C
	~
0.85

	6
	C423
	300103706C106KX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6.7V
85°C
	0.73
0.68

	7
	C422
	300900906C474KX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6.7V
85°C
	0.73
0.68

	8
	C424, C425, C426
	301200405C157KC0040
	Voltage: 16V@85°C
Ripple: 94mV@85°C
Temp: 125°C
	9.6V
94mV
125°C
	3.3V
2mV, <1mV
85°C
	0.7
0.02, <0.01
0.68

	9
	C429
	300900306C1501FC
	Voltage: 50V
Temp: 125°C
	30V
125°C
	3.3V
85°C
	0.11
0.68

	10
	C428
	300903706C1001FX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	<1V
85°C
	<0.1
0.68

	11
	R411
	4001026011001F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<3V
<2mW
	<0.075
<0.04

	12
	R413
	4001026011002F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<2mW
	<0.05
<0.04


	13
	R412
	400102309R1621B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<2mW
	<0.05
<0.04


	14
	R410
	400102309R2801B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<3V
<2mW
	<0.075
<0.04




[bookmark: _Toc534720524]Switching regulator: ISR ANA ADC 3.3V

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	IC601
	MSK5059RHG

	Vin: 16V
Iout: 4.5A
Tjmax: 150°C
	14.4V
3.6A
110°C
	6.7V

85°C
	0.46

0.77

	2
	D601
	1N6642U02D

	Ifw: 0.3A
Rev Volt: 100V
Tjmax: 175C
	0.15A
75V
110°C
	<10mA
<5V
85°C
	<0.06
<0.06
0.77

	3
	D602
	1N5822U02B

	Ifw: 3A
Rev Volt: 40V
Tjmax: 150°C
	1.5A
30V
110°C
	<500mA
<7V
85°C
	<0.33
<0.23
0.77

	4
	L601, L602, L603
	ESI 7 8K4 1S
	Current: 0.6A
Temp: 125°C
	~
100°C
	<0.05A
85°C
	~
0.85

	5
	C602
	300103706C106KX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6.7V
85°C
	0.7
0.68

	6
	C601
	300900906C474KX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6.7V
85°C
	0.7
0.68

	7
	C604, C605, C606
	301200405C157KC0040
	Voltage: 16V@85°C

Ripple: 94mV@85°C
Temp: 125°C
	9.6V

94mV
125°C
	3.3V
2mV, <1mV, <1mV
85°C
	0.7
0.02, <0.01
0.68

	8
	C609
	300900306C1501FC
	Voltage: 50V
Temp: 125°C
	30V
125°C
	3.3V
85°C
	0.11
0.68

	9
	C608
	300903706C1001FX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	<1V
85°C
	<0.1
0.68

	10
	C603
	300900807C104KC
	Voltage: 50V
Temp: 125°C
	30V
125°C
	3.3V
85°C
	0.075
0.68

	11
	C607
	301200402C226KC0600

	Voltage: 16V@85°C
Ripple: 94mV@85°C
Temp: 125°C
	9.6V
94mV
125°C
	3.3V
<1mV
85°C
	0.34
<0.01
0.68

	12
	R602
	4001026011001F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<3V
<2mW

	<0.075
<0.04

	13
	R604
	4001026011002F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<2mW
	<0.05
<0.04


	14
	R603
	400102309R1331B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<2mW
	<0.05
<0.04


	15
	R601
	400102309R2321B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<3V
<2mW
	<0.075
<0.04



[bookmark: _Toc534720525]Positive and Negative LDOs

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	IC603A, IC603B
	RH1498MW

	VCC: 36V
VIN: 15V
Iout:1.8mA
Tjmax: 150°C
	32.4V
10.5V
1.44mA
110°C
	13.4V
2.5V, 0V
0mA
85°C
	0.41
0.24

0.77

	2
	IC602
	5962F0052301VXC (IS-1009)

	Ifw:  10mA
Vrev:  2.5V reference
Tjmax: 175C
	7.5mA
n/a
110°C
	3.6mA
~
85°C
	0.48
~
0.77

	3
	Q601
	JANSR2N7626UB

	VDS: 60V

VGS: 10V

IDS: 0.33A
Power: 0.57W
Tjmax: 150°C
Rad: 100kRad(Si)
	48V

7.5V

0.2475A
0.37W
110°C
100kRad
	0.7V, 6.7V @
Startup
<2V, 4V spike @ Startup
<200mA
<140mW
85°C
100kRad
	0.11

<0.26, 0.53 

0.38
0.77
100kRad

	4
	Q602
	JANSR2N7616UB

	VDS: 60V

VGS: 10V

IDS: 0.5A
Power: 0.6W
Tjmax: 150°C
Rad: 100kRad(Si)
	48V

7.5V

0.375A
0.39W
110°C
100kRad
	0.7V, 6.7V @
startup
<2V, 2V spike @ startup
<50mA
<35mW
85°C
100kRad
	0.11

<0.26, 0.26
0.133
0.89
0.77
100kRad

	5
	D604, D605
	1N6642U02D

	Ifw: 0.3A
Rev Volt: 100V
Tjmax: 175C
	0.15A
75V
110°C
	0mA
4.7V
85°C
	~
0.063
0.77

	6
	L606, L608
	HRB0603S102P.200FT
	Current: 0.2A
Temp: 125°C
	~
100°C
	<3mA
85°C
	~
0.85

	7
	L604, L609
	ESI 7 8K4 1S
	Current: 0.6A
Temp: 125°C
	~
100°C
	200mA, 50mA
85°C
	~
0.85

	8
	C610, C614, C615, C620, C627, C630, C632, 
	300900807C104KC

	Voltage: 50V
Temp: 125°C
	30V
125°C
	<7V
85°C
	0.233
0.68

	9
	C611, C619, C622, C624, C628, C633
	301200402C226KC0600

	Voltage: 16V@85°C
Ripple: 94mV@85°C
Temp: 125°C
	9.6V
94mV
125°C
	<7V
<1mV
85°C
	<0.73
<0,01
0.68

	10
	C612, C632
	300903706C47C0JC
	Voltage: 50V
Temp: 125°C
	30V
125°C
	<7V
85°C
	<0.233
0.68

	11
	C621, C623
	300103706C106KX
	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6V
85°C
	0.625
0.68

	12
	R606
	4001026011001F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	4.2V
<20mW
	0.105
0.4

	13
	R608, R613
	4001026012210F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0V, 113mV
0W, <1mW
	0.003
0.02


	14
	R609, R617
	4001026013321F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0V
0W

	~
~


	15
	R615
	400102309R4021B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	2.37V
<2mW
	0.06
<0.04


	16
	R607, R618
	4001026011213F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0V
0W
	~
~

	17
	R614
	400102309R1022B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	6V
<4mW
	0.15
<0.08

	18
	R611
	400102309R5111B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	3.5V
<3mW
	0.0875
0.06

	19
	R610,R616
	40010260124R9F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<100mV
<1mW
	0.0025
0.02




[bookmark: _Toc534720526]BIAS Current Source and Monitor

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	IC501, IC502
	RH1056AMW

	VCC: 20V

VIN: 20V
IOUT: 6.5mA

Tjmax:125°C
	18V

14V
4.96mA

110°C
	13V - 15Vp @ startup
<0.5V
<100μA, <300μA

85°C
	0.83

<0.035
<0.02,
<0.06 
0.77

	2
	IC503A
	RH1498MW

	VCC: 36V

VIN: 15V
IOUT: 1.8mA
Tjmax: 150°C
	32.4V

10.5V
1.44mA
110°C
	13V - 15Vp @ startup
<3V
<100μA
85°C
	0.46

<0.28
<0.069
0.77

	3
	Q501, Q502
	SOC5551SW (2N5551)
	VCEO: 180V

VCBO: 160V
VEBO: 6V
ICmax: 0.6A
Power: 0.36W
Tjmax: 200C
	135V

120V
4.5V
0.45A
0.234W
110°C
	5V - 80V @ startup
1V
500mV
<10μA
<1mW
85°C
	0.6

0.008
0.11
~
0.004
0.77

	4
	D504
	JANTXV1N4486US (1N4486)
	Izsm non rep: 19mA
Izsm rep: 0.19A
Power diss: 1.5W @ 85°C
tj max :175°C
	15.2mA
0.124mA
0.975W
110°C
	<10μA
<10μA
<1mW
85°C
	0.0006
~
0.001
0.77

	5
	D505
	JANTXV1N3595US (1N3595)
	Ifw:1nA
Rev Volt: 125V
Tj max: 150°C
	0.5nA
93.75V
110°C
	0mA
6V
85°C
	~
0.064
0.77

	6
	L501, L502
	HRB0603S102P.200FTEM
	Current: 0.2A
Temp: 125°C
	~
100°C
	
85°C
	~
0.85

	7
	C505, C506, C507
	CNC12 02SC 103KL
	Voltage: 500V
Temp: 125°C
	300V
125°C
	75V
85°C
	0.25
0.68

	8
	C509
	300903806C103JC
	Voltage: 50V
Temp: 125°C
	30V
125°C
	0.6V
85°C
	0.02
0.68

	9
	C510, C513, C514, C516, C518, C519, C520, C521, C522, C523
	300900807C104KC

	Voltage: 50V



Temp: 125°C
	30V



125°C
	0V, 6.5V, <0.5V, <3.3V, 6.5V, 6.5V, 6.5V, <3.3V, 6.5V, 6.5V
85°C
	0.22, <0.11, <0.016

0.68

	10
	C512, C515
	300903706C1000JC
	Voltage: 50V
Temp: 125°C
	30V
125°C
	<3V
85°C
	<0.1
0.68

	11
	C504
	300103811C685KG
	Voltage: 200V
Temp: 125°C
	120V
125°C
	75V
85°C
	0.625
0.68

	12
	R505, R511
	4001026011002F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0.6V, 0V
<1mW, 0W
	0.015
0.02

	13
	R515, R525, R526
	400102309R1002B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<1mW
	<0.05
<0.02

	14
	R502, R509
	4001026021005G6 (CHPHR0805)
	Voltage: 100V

Power: 0.2W
	80V

0.1W
	5V - 80V @ startup
<5mW
	1

<0.05

	15
	R503, R504, R506, R513, R531
	4001026011003F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<1V
<1mW
	<0.025
<0.02

	16
	R507, R508, R510 
	4001026012213F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<1V
<1mW
	<0.025
<0.02

	17
	R514
	400102309R2742B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<1mW
	<0.05
<0.02



[bookmark: _Toc534720527]3-Stage Voltage Multiplier

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	D501, D502, D503
	1N5806U02A

	Ifw: 1A
Rev Volt: 60V
Tjmax: 150°C
	1.25A
112.5V
110°C
	<1mA
<60V
85°C
	<0.0008
0.53
0.77

	2
	C501, C502, C503, C508
	CNC12 02SC 103KL
	Voltage: 500V
Temp: 125°C
	300V
125°C
	<80V
85°C
	<0.26
0.68

	3
	C511
	300900807C104KC
	Voltage: 50V
Temp: 125°C
	30V
125°C
	0V
85°C
	~
0.68

	4
	R501
	4001026011003F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0.6V
<1mW
	0.015
0.02



[bookmark: _Toc534720528]Planar Transformer

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	Tranfo
	E22/6/16/R-3C96-A400-P,
PLT22/16/2.5/S-3C96 (planar ferrite core 3C96)
CLM-E22/PLT22 (slotted ferrite plate 3C96)
	Temp: 125°C
	105C
	85°C
	0.81

	2
	D305, D506, D603, D606
	1N5819U02B

	Ifw: 1A


Rev. Volt.: 60V

Tjmax: 150°C
	0.5A


45V

110°C
	<100mA, <250mA, <200mA, ~40mA
30V, <20V, <20V, <20V
85°C
	<0.2
<0.5
<0.4, 0.1
0.66, <0.44
0.77

	3
	D402
	1N5822U02B

	Ifw: 3A
Rev. Volt.: 40V
Tjmax: 150°C
	1.5A
30V
110°C
	~350mA
<20V
85°C
	0.233
<0.66
0.77

	4
	L401
	ESI 7 1K2 1S
	Current: 1.6A
Temp: 125°C
	~
100°C
	~350mA
85°C
	~
0.85

	5
	L605, L607
	ESI 7 8K4 1S
	Current: 0.6A
Temp: 125°C
	~
100°C
	<200mA, ~40mA
85°C
	~
0.85

	6
	C319
	300103706C475KA
	Voltage: 25V
Temp: 125°C
	15V
125°C
	12V
85°C
	0.8
0.68

	7
	C403, C404, C405, C406, C616, C617, C618, C625, C626
	301200405C157KC0040

	Voltage: 16V


Ripple: 203mV




Temp: 125°C
	9.6V


203mV




125°C
	6.7V, 6.7V, 6.7V, 6.7V, 6.7V, 6.7V, 6.7V, 6.7V, 6.7V
50mV, 50mV, <2mV, <2mV, 50mV, <2mV, <2mV, 35mV, <2mV
85°C
	0.7


0.24, 0.001, 
0.172


85°C

	8
	C524
	301200405C476KE0065

	Voltage: 25V
Ripple: 119mV
Temp: 125°C
	15V
119mV
125°C
	12V
<90mV
85°C
	0.8
<0.75
0.68

	9
	C613, C629
	300103706C106KX

	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	6.7V, 6.7V
85°C
	0.7
0.68

	10
	C527
	300900807C104KC

	Voltage: 50V
Temp: 125°C
	30V
125°C
	0V
85°C
	~
0.68

	11
	R546
	4001026011003F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0V
0mW

	~
~





[bookmark: _Toc534720529]Snubber Circuit

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	D301
	1N5806U02A

	Ifw: 2.5A
Rev Volt: 150V
Tjmax: 175C
	1.25A
112.5V
110°C
	0.065A RMS
24V
85°C
	0.052
0.21
0.77

	2
	C312
	CNC12 02SC 103KL

	Voltage: 500V
Temp: 125°C
	300V
125°C
	35V
85°C
	0.12
0.68

	3
	R305
	4001026034702J4 (CHPHR1206)
	Voltage: 300V
Power: 0.25W
	240V
0.125W
	35V
<26mW

	0.145
0.2






[bookmark: _Toc534720530]PWM Modulator, Crystal Oscillator and Divider (Flyback Converter)

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	IC301
	ISL78841ASEHQF

	VCC: 30V
Iout: 1A
Tjmax: 150C
	27V
0.8A
110C
	VDD: 11.5V

85C
	0.42

0.77

	2
	IC302
	HCC4024BK

	VCC: 22V
VIN: 22.5V
Power: 200mW
Tjmax: 150C
	19.8V
20.25V
0.16W
110C
	VDD: 5V


85C
	0.25


0.77

	3
	X302
	QT188HCD10E-2.000MHz

	crystal oscillator 2MHz CMOS 5.0V 100ppm
	
	VDD: 5V
	

	4
	D307
	1N5819U02B

	Ifw: 1A
Rev. Volt: 60V
Tjmax: 150°C
	0.5A
45V
110°C
	<60mA
12V
85°C
	<0.12
0.27
0.77

	5
	Q303
	IRHNJ57133SE

	VDS: 130V
VGS: 20V
IDS:12.5A
Power: 75W
Tjmax: 150°C
Rad: 100kRad(Si)
	104V
15V
9.375A
48.75W
110°C
100kRad(Si)
	<70V
<12V
<2A
<100mW
85°C
100kRad
	<0.67
<0.8
<0.21
0.002
0.77
100kRad

	6
	C318, C327, C328, C331, C336
	300900807C104KC

	Voltage: 50V

Temp: 125°C
	30V

125°C
	12V, 5V, 11.5V, 5V, 5V
85°C
	0.16, 0.4,
0.38 
0.68

	7
	C323, C330
	300903706C2210FC

	Voltage: 50V
Temp: 125°C
	30V
125°C
	5V, 12V
85°C
	0.16, 0.4
0.68

	8
	C325, C332, C333
	300903706C1001FX

	Voltage: 16V
Temp: 125°C
	9.6V
125°C
	5V, 5V, 5V
85°C
	0.52
0.68

	9
	R320
	40010260124R9F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0V
<10mW

	~
0.2


	10
	R318
	4001026012210F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0V
<10mV

	~
<0.2

	11
	R317
	400102701R560F (SMP PW 2010)
	Voltage: 200V
Power: 2W
	160V
1W
	<1V
<25mW
	<0.00625
<0.025

	12
	R311
	4001026011003F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	5V
<1mW
	0.125
<0.02

	13
	R316
	4001026016811F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	5V
<4mW
	0.125
<0.08

	14
	R319
	40010260151R1F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	5V
<20mW
	0.125
<0.4

	15
	R313
	40010260110R0F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<12mV
<1mW
	0.3/1000
<0.02

	16
	R315
	4001026011001F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0V
<1mW
	~
<0.02

	17
	R306
	400102309R3832B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	9.5V
<3mW
	0.24
<0.06

	18
	R310
	400102309R1002B2 (PFRR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	2.5V
<1mW
	0.0625
0.02

	19
	R314
	4001026011002F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	12V
<15mW
	0.3
<0.3



[bookmark: _Toc534720531]RF Transformer

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	D308
	1N5819U02B

	Ifw: 1A
Rev. Volt: 60V
Tjmax: 150°C
	0.5A
45V
110°C
	<10mA
<10V
85°C
	<0.02
<0.22
0.77

	2
	L302
	HCESC 10 M47 1S
	Current: 0.4A
Temp: 125°C
	~
100°C
	<200mA
85°C
	~
0.85

	3
	C334, C335
	300903806C103JC
	Voltage: 50V
Temp: 125°C
	30V
125°C
	<10V
85°C
	<0.33
0.68

	4
	R321, R322
	4001026012210F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<2V
<20mW peak
	<0.05
<0.04

	5
	R323
	4001026011003F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	<1V
<10mW
	<0.025
<0.2

	6
	R324
	4001026011004G6 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	1.5V-3V peak
~0W
	0.075
~



[bookmark: _Toc534720532]PWM Op Heater

	S.No
	Part No in layout
	Part Number (generic)
	Rated parameter
	Derated value
	Designed value
	Ratio

	1
	R517, R518, R519, R520, R521, R522, R523, R524, R527, R528, R529, R530, R532, R533, R534, R535, R536, R537, R538, R539, R540, R541, R542, R543
	40010260175R0F4
(CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	3V
120mW
	0.075

	2
	Q503, Q504, Q505
	IRHLUB770Z4

	VDS: 60V
VGS: 10V
IDS: 0.5A
Power: 0.6W
Tjmax: 150°C
Rad: 100kRad(Si)
	48V
7.5V
0.375V
0.39W
110°C
100kRad(Si)
	12V
3.3V
80mA
240mW
85°C
100kRad
	0.25
0.44
0.21
0.61
0.77
100kRad

	3
	R544, R547
	4001026011003F4 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	0V
0W
	~
~

	4
	R545
	4001026011004G6 (CHPHR0603)
	Voltage: 50V
Power: 0.1W
	40V
0.05W
	3.3V
<1mW
	0.082
0.02

	5
	C525, C526
	300900807C104KC

	Voltage: 50V
Temp: 125°C
	30V
125°C
	3.3V
85°C
	0.11
0.68



[bookmark: _Toc534720533]Summary
No stress in excess of the derated values were found for passive elements in the above circuits.
For active elements, not all parameters in [ND-02] were applicable, but of those analyzed, no excess stresses were found.




[bookmark: _Toc534720534]Derating analysis
The following tables list the individual groups according to the ECSS-Q-ST-30-11C Rev1. The thermal design of the LVPS was based on the goal to reach a maximum temperature of 85°C for all the components, and the derating analysis is based on the design goal.

[bookmark: _Toc534205688]Table 5 Ceramic capacitors Group Code 01-01
	Generic Part Type 
	Manf
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	300903706C1001FX 300900306C2671FX 300103706C106KX 300900807C224KX 300900906C474KX
	Eurofarad
	Voltage: 16V Temperature: 125°C
	0.6
<1
	9.6V
	Timing capacitor PWM, filter, LDO o/p, flyback converter secondary o/p, boost capacitors for secondary switching regulator.

	300103706C475KA 
	Eurofarad
	Voltage: 25V Temperature: 125°C
	0.6
<1
	15V
<125°C
	Flyback converter secondary o/p 

	300900807C104KC 300900306C1501FC 300903806C103JC  300903806C682KC 300903706C4750FC 300903706C4320FC 300903706C3920FC 300903706C3650FC 300903706C3320FC 300903706C3300JC 300903706C2210FC 300903706C1000JC 300903706C47C0JC 300903706C33C0JC 300903706C10C0FC 300903706C3C30FC 300903706C1C00CC
	Eurofarad
	Voltage: 50V Temperature: 125°C
	0.6
<1
	30V
<125°C
	Shaper capacitor,
Filter Capacitor analog LDO's, Preamp feedback, cap for GND filters, 
Filter Capacitor linear regulator 

	300103809C825KE 300103809C395KE
	Eurofarad
	Voltage: 100V Temperature: 125°C
	0.6
<1
	60V
<125°C
	EMI filter & flyback converter primary input capacitors

	300103811C685KG
	Eurofarad
	Voltage: 200V Temperature: 125°C
	0.6
<1
	120V
<125°C
	Bias low ramp current source capacitor

	CN1202SC103KL
	Eurofarad
	Voltage: 500V Temperature: 125°C
	0.6
<1
	300V
<125°C
	Bias cascade, Bias filter capacitor, EMI filter









[bookmark: _Toc534205689]Table 6 Solid Tantalum capacitors Group Code 01-04
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	301200405C157KC0040 
	AVX (TES)
	Voltage: 16V@85°C Ripple: 94mV@85°C Temperature: 85°C
	0.6

1

<1
	9.6V

94mV

<125°C
	Flyback sec. Output tantalum capacitor +/-6VANA, 6VDIG

	301200402C226KC0600
	AVX (TES)
	Voltage: 16V@85°C Ripple: 203mV@85°C Temperature: 85°C
	0.6

1

<1
	9.6V

203mV

<125°C
	Main power line blocking capacitor analog board

	301200405C476KE0065
	AVX (TES)
	Voltage: 25V@85°C  Ripple: 119mV@85°C
Temperature: 85°C
	0.6

1

<1
	15V

119mV

<125°C
	Flyback sec. Output tantalum capacitor +12VHVPS, +12VSEC




[bookmark: _Toc534205690]Table 7 Chip resistors (Thick & Thin film) Group Code 10-08
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	CHPHR 0603
	Vishay
	Voltage: 50V
Power: 0.1W
	0.8
0.5
	40V
0.05W
	passive line filter resistor, Gate MOSFET serial resistor LVPS, Various etc..,

	CHPHR 0805
	Vishay
	Voltage: 100V
Power: 0.2W
	0.8
0.5
	80V
0.1W
	BIAS high voltage (<100V) resistor

	CHPHR 1206
	Vishay
	Voltage: 300V
Power: 0.25W
	0.8
0.5
	240V
0.125
	Internal heater resistor network, Snubber resistor, various etc.,

	PFRR 0603
	Vishay
	Voltage: 50V
Power: 0.1W
	0.8
0.5
	40V
0.05W
	Voltage divider in LDO and HK voltage measurement, Various etc..,








[bookmark: _Toc534205691]Table 8 Voltage reference / Zener diode Group Code 04-04
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	1N4486
	Microsemi
	Izsm non rep: 19mA
Izsm rep: 0.19A
Power diss: 1.5W @ 85°C
tj max :175°C
	0.8

0.65
0.65

Max-110°C
	15.2mA

0.124mA
0.975W

110°C
	Z-Diode 75V for low ramp BIAS Current Source

	1N4482
	Microsemi
	Izsm non rep: 28mA
Izsm rep: 0.28A
Power diss: 1.5W @ 85°C
tj max :175°C
	0.8

0.65
0.65

Max-110°C
	22.4mA

0.182A
0.975W

110°C
	Z-Diode 51V for low ramp BIAS current Source

	1N4467
	Microsemi
	Izsm non rep: 119mA
Izsm rep: 1.2A
Power diss: 1.5W @ 85°C
tj max :175°C
	0.8

0.65
0.65

Max-110°C
	95.2mA

0.78A
0.975W

110°C
	LVPS simple line regulator reference for PWM regulator

	1N6491
	Microsemi
	Izsm non rep: 255mA
Izsm rep: 2.5A
Power diss: 1.5W @ 85°C
tj max :175°C
	0.8

0.65
0.65

Max-110°C
	204mA

1.625A
0.975W

110°C
	LVPS simple line regulator reference for +5V



[bookmark: _Toc534205692]Table 9 RF/Microwave Schottky Si diodes Group Code 04-05
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	1N5822U
	ST
	Ifw:3A
Rev. Volt: 40V
Tj max: 150°C
	0.5
0.75
110°C
	1.5A
30V
110°C
	Flyback DC/DC converter, Switching Regulator

	1N5819U
	ST
	Ifw:1A
Rev Volt: 60V
Tj max: 150°C
	0.5
0.75
110°C
	0.5A
45V
110°C
	LVPS clock transformer reconstruction circuit 

	1N5806U
	ST
	Ifw:2.5A
Rev Volt: 150V
Tj max: 175°C
	0.5
0.75
110°C
	1.25A
112.5V
110°C
	BIAS voltage multiplier, flyback-converter snubber, 28V input


	1N6642U
	ST
	Ifw:0.3A
Rev Volt: 100V
Tj max: 175°C
	0.5
0.75
110°C
	0.15A
75V
110°C
	LDO startup gate-source MOSFET protection diode

	1N3595
	Microsemi
	Ifw:1nA
Rev Volt: 125V
Tj max: 150°C
	0.5
0.75
110°C
	0.5nA
93.75V
110°C
	Protection diode BIAS current measurement


[bookmark: _Toc534205693]Table 10 Inductor cores Group Code 07-02
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	HCESC 10 M47 1S
	Exxelia 
	Temp: 125°C
	Max: 20°C
	100°C
	Common mode power line filter, clock transofromer in LVPS, instead of optocoupler and EMI-filter

	ESI 7 1K2 1S
	Exxelia 
	Temp: 125°C
	Max: 20°C
	100°C
	Power line filter

	ESI 7 8K4 1S
	Exxelia 
	Temp: 125°C
	Max: 20°C
	100°C
	EMI Filter

	SESI 9.1 10K 2WR
	Exxelia 
	Temp: 125°C
	Max: 20°C
	100°C
	Power Inductor for switching regulator

	HRB0603S102P.200FT
	AEM
	Temp: 125°C
	Max: 20°C
	100°C
	Ferrite bead to filter power lines for dedicated parts



[bookmark: _Toc534205694]Table 11 Bipolar PNP Transistor Group Code 12-01
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	2N5401
SOC5401SW LCC-3
	STMicroelectronics
		VCEO : 160V

	VCBO : 150V

	VEBO : 5 V    

	IC : 0.5A

	Power:0.36 W   

	T jmax : 200°C

	Radiation:
 100kRad(Si)



		0.75

	0.75

	0.75

	0.75

	0.65

	110°C

	1



		120 V

	112.5 V

	3.75 V

	0.375 A

	0.234 W

	110°C

	



	150V PNP transistor for STEIN BIAS current source to prevent damage ASIC inputs.




[bookmark: _Toc534205695]Table 12 JFET N-Channel Group Code 12-15
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	BF862
BF862  SOT23-3
	NXP Semiconductors
		VDS : 20V

	VGS : 20V

	VGD : 20V

	IDS : 40mA

	Power:300mW

	T jmax : 150°C

	Radiation:

	100kRad(Si)



		0.75

	0.75

	0.75

	0.75

	0.80

	110°C

	1



		15 V

	15 V

	15 V

	30mA

	240mW

	110°C

	1



	JFET for preamp with best noise at lowest input capacitance



[bookmark: _Toc534205696]Table 13 FET P-Channel Group Code 12-06
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	IRHLUB7970Z4
JANSR2N7626UB

	International Rectifier
		VDS : 60V

	VGS : 10V

	IDS : 0.33A

	Power:0.57 W

	T jmax : 150°C

	Radiation: 100kRad(Si)



		0.80

	0.75

	0.75

	0.65

	110°C

	1



		48 V

	7.5 V

	0.2475A

	0.37 W

	110°C

	1



	Discrete LDO




[bookmark: _Toc534205697]Table 14 FET N-Channel Group Code 12-06
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	IRHLUB770Z4
JANSR2N7616UB


	International Rectifier
		VDS : 60V

	VGS : 10V

	IDS : 0.5A

	Power:0.6 W

	T jmax : 150°C

	Radiation: 100kRad(Si)



		0.80

	0.75

	0.75

	0.65

	110°C

	1



		48 V

	7.5 V

	0.375A

	0.39 W

	110°C

	1



	Discrete LDO, linear startup regulator for PWM





[bookmark: _Toc534205698]Table 15 FET N-Channel Group Code 12-06
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	IRHNJ57133SE
JANSR2N7485U3


	International Rectifier
		VDS : 130V

	VGS : 20V

	IDS : 12.5A

	Power:75W

	Tjmax : 150°C

	Radiation: 100kRad(Si)



		0.80

	0.75

	0.75

	0.65

	110°C

	1



		104 V

	15 V

	9.375A

	48.75 W

	110°C

	1



	MOSFET for flyback DC/DC converter






[bookmark: _Toc534205699]Table 16 Bipolar NPN Transistor Group Code 12-01
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	2N4957
JANS2N4957UB

	Semicoa
		VCEO : 30V

	VCBO : 30V

	VEBO : 3V

	IC : 30mA

	Power:200mW

	Tjmax : 200°C

	Radiation:

	100kRad(Si)



		0.75

	0.75

	0.75

	0.75

	0.65

	110°C

	1



		22.5 V

	22.5 V

	2.25 V

	22.5mA

	130mW

	110°C

	1



	PNP RF-transistor for preamp




[bookmark: _Toc534205700]Table 17 UHF NPN Transistor Group Code 12-01
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	2N2857
JANS2N2857UB

	Semicoa
		VCEO : 15V

	VCBO : 30V

	VEBO : 3V

	IC : 40mA

	Power:300m W

	Tjmax : 200°C

	Radiation:

	100kRad(Si)



		0.75

	0.75

	0.75

	0.75

	0.65

	110°C

	1



		11.25 V

	22.5 V

	2.25 V

	30mA

	195mW

	110°C

	1



	NPN RF-transistor for preamp




[bookmark: _Toc534205701]Table 18 Bipolar NPN Transistor Group Code 12-01
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	2N5551
SOC5551SW LCC-3
	STMicroelectronics
		VCEO : 160V

	VCBO : 180V

	VEBO : 6 V    

	IC : 0.5A

	Power:0.36 W   

	T jmax : 200°C

	Radiation:
 100kRad(Si)



		0.75

	0.75

	0.75

	0.75

	0.65

	110°C

	1



		120 V

	135 V

	4.5 V

	0.375 A

	0.234 W

	110°C

	



	160V NPN transistor for HET-EPT BIAS current source to prevent damage of the JFETs in preamplifier.




[bookmark: _Toc534205702]Table 19 Linear Operational Amplifier Group Code 08-50
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	RH1498MW
	Linear Technology
		VCC : 36V

	VIN : 15V

	IOUT : 1.8mA    

	T jmax : 125°C



		0.9

	0.70

	0.8

	110°C



		32.4 V

	10.5 V

	1.44mA

	110°C



	Standard Op-Amp




[bookmark: _Toc534205703]Table 20 Linear Operational Amplifier Group Code 08-50
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	RH1056AMW
	Linear Technology
		VCC : 20V

	VIN : 20V

	IOUT : 6.2mA    

	T jmax : 150°C



		0.9

	0.7

	0.8

	110°C



		18 V

	14 V

	4.96mA

	110°C



	Bias leakage current housekeeping Op-Amp




[bookmark: _Toc534205704]Table 21 Memory SRAM Group Code 08-20
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	5962R0422701VXC

	Aeroflex
		VCC : 3,8V

	IOUT : ~

	T jmax : 150°C



		0.9

	0.8

	110°C



		3.42V

	~

	110°C



	FPGAs ext. SRAM




[bookmark: _Toc534205705]Table 22 Memory EEPROM Group Code 08-24
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	28LV010RPFS25

	Maxwell
		VCC : 7V

	IOUT : ~

	T jmax : 125°C



		0.9

	0.8

	110°C



		6.3V

	~

	110°C



	EEPROM for configuration data






[bookmark: _Toc534205706]Table 23 Switching Regulator Group Code 08-54
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	MSK5059RHG

	Maxwell
		Vin : 16V

	IOUT : 4.5A

	T jmax : 150°C

	Radiation: 100kRad(Si



		0.9

	0.8

	110°C

	1



		14.4 V

	3.6 A

	110°C

	1



	switching regulator FPGA-CORE voltage 1.5V, SRAM, ADC, FPGA-IO 3.3V




[bookmark: _Toc534205707]Table 24 PWM Controller Group Code 08-54
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	ISL78841ASEHQF

	Maxwell
		VCC : 30V

	IOUT : 1A

	T jmax : 150°C

	Radiation: 100kRad(Si

	



		0.9

	0.8

	110°C

	1



		27V

	0.8A

	110°C

	1



	LVPS DC/DC converter




[bookmark: _Toc534205708]Table 25 Counter/Divider Group Code 08-54
	Generic Part Type 
	Manufacturer
	Rated Parameters
	Derating Factor
	Derated Value
	Application

	HCC4024BK

	Maxwell
		VCC : 22V

	VIN : 22.5V

	Power Dis :200mW

	T jmax : 150°C

	Radiation: 100kRad(Si)



		0.9

	0.9

	0.8


	110°C

	1



		19.8V

	20.25 V

	0.16W


	110°C

	1



	clock divider for DC/DC converter clock from 1.6MHz crystal oscillator to 100kHz
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