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v  At	
  BNL	
  
•  LTM	
  4619	
  module	
  has	
  been	
  tested	
  under	
  gamma	
  irradia8on,	
  with	
  200	
  

Gy/h	
  dose	
  rate	
  and	
  26	
  V	
  input:	
  this	
  module	
  did	
  not	
  survive	
  150	
  Gy	
  	
  
•  A	
  second	
  LTM	
  4619	
  irradiated	
  at	
  90	
  Gy/h	
  survived	
  up	
  to	
  2000	
  Gy	
  
•  A	
  third	
  LTM	
  4619	
  was	
  tested	
  at	
  14	
  Gy/h,	
  surviving	
  up	
  to	
  3500	
  Gy	
  

	
  	
  	
  	
  	
  	
  No	
  further	
  info	
  available.	
  
	
  
	
  
v  	
  At	
  Calliope	
  we	
  tested	
  in	
  July	
  two	
  LTM	
  4619	
  at	
  22	
  Gy/h,	
  and	
  the	
  boards	
  

survived	
  up	
  to	
  2000	
  Gy	
  
	
  
	
  
v  	
  At	
  Calliope	
  the	
  current	
  test	
  is	
  using	
  lower	
  dose	
  rates	
  and	
  Vin,	
  Vout	
  

monitoring	
  to	
  	
  verify	
  the	
  behaviour	
  of	
  different	
  DC-­‐DC	
  converters	
  at	
  low	
  
dose	
  rate	
  	
  

	
  



Gamma	
  Irradia3on	
  test	
  setup	
  

Salvatore Fiore Apollo meeting, Dec 9 2013 3 

The	
  irradia8on	
  campaign	
  started	
  on	
  Nov.	
  21st	
  at	
  Calliope	
  ϒ	
  irradia8on	
  facility	
  
(ENEA	
  Casaccia)	
  and	
  is	
  s8ll	
  ongoing:	
  
	
  
v  Two	
  LTM	
  8033	
  and	
  two	
  LTM	
  4619	
  demo	
  boards	
  (Linear),	
  one	
  POL	
  

manufactured	
  by	
  PD-­‐INFN	
  

v  Dose	
  rate:	
  5	
  Gy/h	
  (Si)	
  specific	
  posi8on	
  selected,	
  dedicated	
  dosimetry	
  

v  Monitored	
  values:	
  Vin,	
  Iin,	
  Vout	
  (V	
  monitoring	
  thanks	
  to	
  A.	
  Lanza	
  data	
  logger)	
  

v  Monitoring	
  8me	
  intervals:	
  30	
  min	
  

v  Maximum	
  irradia8on	
  interrup8on:	
  2h	
  (ESA	
  standards),	
  devices	
  always	
  
powered	
  up	
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•  Dual	
  Output	
  step-­‐down	
  module	
  
•  4.5	
  ÷	
  26.5	
  V	
  input	
  ,	
  0.8	
  ÷	
  5	
  V	
  output	
  
•  4A	
  output	
  (5A	
  peak)	
  per	
  module	
  (sync’d	
  combina8on	
  possible)	
  
Already	
  tested	
  in	
  July	
  with	
  22	
  Gy/h	
  ϒ	
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TYPICAL APPLICATION

DESCRIPTION

Dual, 26VIN, 4A DC/DC 
µModule Regulator

The LTM®4619 is a complete dual 4A or single 8A step-
down DC/DC µModule® (micromodule) regulator. Included 
in the package are the switching controller, power FETs, 
inductor, and all support components. Operating over 
input voltage ranges of 4.5V to 26.5V, the LTM4619 sup-
ports two outputs with voltage ranges of 0.8V to 5V, each 
set by a single external resistor. Its high efficiency design 
delivers 4A continuous current (5A peak) for each output.

High switching frequency and a current mode architecture 
enable a very fast transient response to line and load 
changes without sacrificing stability. The two outputs 
are interleaved with 180° phase to minimize the ripple 
noise and reduce the I/O capacitors. The device supports 
frequency synchronization and output voltage tracking for 
supply rail sequencing. Burst Mode operation or pulse-
skipping mode can be selected for light load operations.

Fault protection features include overvoltage protection, 
overcurrent protection and foldback current limit for  
short-circuit protection.

The low profile package (2.82mm) enables utilization of 
unused space on the bottom of PC boards for high density 
point of load regulation. The power module is offered in 
a 15mm w 15mm w 2.82mm LGA package. The LTM4619 
is RoHS compliant with Pb-free finish.

Dual 4A 3.3V/2.5V DC/DC µModule Regulator

FEATURES

APPLICATIONS

n Complete Standalone Power Supply 
n Wide Input Voltage Range: 4.5V to 26.5V 

(EXTVCC Available for VIN ≤ 5.5V)
n Dual 180° Out-of-Phase Outputs with 4A DC 

Typical, 5A Peak Output Current for Each
n Dual Outputs with 0.8V to 5V Range
n Output Voltage Tracking
n ±1.5% Maximum Total DC Output Error
n Current Mode Control/Fast Transient Response
n Power Good
n Phase-Lockable Fixed Frequency 250kHz to 780kHz
n On Board Frequency Synchronization
n Parallel Current Sharing
n Selectable Burst Mode® Operation
n Output Overvoltage Protection 
n 15mm w 15mm w 2.82mm LGA Package

n Telecom and Networking Equipment
n Servers
n Storage Cards
n ATCA Cards
n Industrial Equipment
n Point of Load Regulation

Efficiency and Power Loss at 12V input
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ELECTRICAL CHARACTERISTICS The l denotes the specifications which apply over the full internal 
operating temperature range (Note 2), otherwise specifications are at TA = 25°C, VIN = 12V. Per typical application in Figure 18. 
Specified as each channel. (Note 3)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

IINRUSH(VIN) Input Inrush Current at Start-Up IOUT = 0A, CIN = 10µF, COUT = 100µF, VOUT = 2.5V 
VIN = 12V

 
0.25

 
A

IQ(VIN) Input Supply Bias Current VIN = 12V, VOUT1 = 2.5V, Switching Continuous 
VIN = 12V, VOUT2 = 2.5V, Switching Continuous 
VIN = 26.5V, VOUT1 = 2.5V, Switching Continuous 
VIN = 26.5V, VOUT2 = 2.5V, Switching Continuous 
Shutdown, RUN = 0, VIN = 20V

30 
30 
40 
40 
40

mA 
mA 
mA 
mA 
µA

IS(VIN) Input Supply Current  VIN = 12V, VOUT = 2.5V, IOUT = 4A 
VIN = 26.5V, VOUT = 2.5V, IOUT = 4A

0.97 
0.480

A 
A

INTVCC Internal VCC Voltage VIN = 12V, VRUN > 2V, No Load 4.8 5 5.2 V

EXTVCC EXTVCC Switchover Voltage EXTVCC Ramping Positive l 4.5 4.7 V

Output Specifications

IOUT1, 2(DC) Output Continuous Current Range VIN = 12V, VOUT = 2.5V (Note 5) 0 4 A

)VOUT1(LINE)

   VOUT(NOM)

Line Regulation Accuracy VOUT = 2.5V, VIN from 6V to 26.5V 
IOUT = 0A For Each Output

 

l

0.15 
0.25

0.3 
0.5

% 
%

)VOUT2(LINE)

   VOUT(NOM)

Line Regulation Accuracy VOUT = 2.5V, VIN from 6V to 26.5V 
IOUT = 0A For Each Output

 

l

0.15 
0.25

0.3 
0.5

% 
%

)VOUT1(LOAD)

   VOUT1(NOM)

Load Regulation Accuracy For Each Output, VOUT = 2.5V, 0A to 4A (Note 5) 
VIN = 12V

l 0.6 0.8 ±%

)VOUT2(LOAD)

  VOUT2(NOM)

Load Regulation Accuracy For Each Output, VOUT = 2.5V, 0A to 4A (Note 5) 
VIN = 12V

l 0.6 0.8 ±%

VOUT1, 2(AC) Output Ripple Voltage IOUT = 0A, COUT = 100µF X5R Ceramic 
 VIN = 12V, VOUT = 2.5V 
 VIN = 26.5V, VOUT = 2.5V

 
20 
25

 
mV 
mV

fS Output Ripple Voltage Frequency IOUT = 2A, VIN = 12V, VOUT = 2.5V 
FREQ/PLLFLTR = INTVCC

780 kHz

)VOUTSTART Turn-On Overshoot COUT = 100µF X5R Ceramic, VOUT = 2.5V, IOUT = 0A 
 VIN = 12V 
 VIN = 26.5V

 
10 
10

 
mV 
mV

tSTART Turn-On Time COUT = 100µF X5R Ceramic, VOUT = 2.5V, IOUT = 0A 
Resistive Load, 
 VIN = 12V 
 VIN = 26.5V

 
 

0.250 
0.130

 
 

ms 
ms

)VOUTLS Peak Deviation for Dynamic Load  Load: 0% to 50% to 0% of Full Load 
COUT = 100µF X5R Ceramic,VOUT = 2.5V, VIN = 12V

 
15

 
mV

tSETTLE Settling Time for Dynamic Load 
Step

Load: 0% to 50% to 0% of Full Load 
COUT = 100µF X5R Ceramic,VOUT = 2.5V, VIN = 12V

 
10

 
µs

IOUTPK Output Current Limit COUT = 100µF X5R Ceramic, 
 VIN = 6V, VOUT = 2.5V 
 VIN = 26.5V, VOUT = 2.5V

 
12 
11

 
A 
A

Control Section

VFB1, VFB2 Voltage at VFB Pin IOUT = 0A, VOUT = 2.5V  

l

0.792 
0.788

0.8 
0.8

0.808 
0.810

V

ITK/SS1, 2 Soft-Start Charge Current VTK/SS = 0V, VOUT = 2.5V 0.9 1.3 1.7 µA

DFMAX Maximum Duty Factor In Dropout (Note 4) 97 %

tON(MIN) Minimum On-Time (Note 4) 90 ns

LTM4619
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ELECTRICAL CHARACTERISTICS

TYPICAL PERFORMANCE CHARACTERISTICS

 The l denotes the specifications which apply over the full internal 
operating temperature range (Note 2), otherwise specifications are at TA = 25°C, VIN = 12V. Per typical application in Figure 18. 
Specified as each channel. (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

fNOM Nominal Frequency VFREQ = 1.2V 450 500 550 kHz

fLOW Lowest Frequency VFREQ = 0V 210 250 290 kHz

fHIGH Highest Frequency VFREQ ≥ 2.4V 700 780 860 kHz

RMODE/PLLIN MODE/PLLIN Input Resistance 250 kΩ

IFREQ Frequency Setting 
Sinking Current 
Sourcing Current

 
fMODE > fOSC 
fMODE < fOSC

 
–13 
13

 
µA 
µA

VRUN1, 2 RUN Pin ON/OFF Threshold RUN Rising 
RUN Falling

1.1 
1.02

1.22 
1.14

1.35 
1.27

V 
V

RFB1, RFB2 Resistor Between VOUT and VFB 
Pins for Each Channel

60.1 60.4 60.7 kΩ

VPGL PGOOD Voltage Low IPGOOD = 2mA 0.1 0.3 V

IPGOOD PGOOD Leakage Current VPGOOD = 5V ±2 µA

)VPGOOD PGOOD Range VFB Ramping Negative 
VFB Ramping Positive

–5 
5

–7.5 
7.5

–10 
10

% 
%

Note 1: Stresses beyond those listed under Absolute Maximum Ratings 
may cause permanent damage to the device. Exposure to any Absolute 
Maximum Rating condition for extended periods may affect device 
reliability and lifetime.
Note 2: The LTM4619E is guaranteed to meet performance specifications 
over the 0°C to 125°C internal operating temperature range. Specifications 
over the full –40°C to 125°C internal operating temperature range are 
assured by design, characterization and correlation with statistical process 
controls. The LTM4619I is guaranteed to meet specifications over the full 

internal operating temperature range. Note that the maximum ambient 
temperature consistent with these specifications is determined by specific 
operating conditions in conjunction with board layout, the rated package 
thermal resistance and other environmental factors.
Note 3: The two outputs are tested separately and the same testing 
condition is applied to each output.
Note 4: 100% tested at wafer level only.
Note 5: See Output Current Derating curves for different VIN, VOUT and TA.

Efficiency vs Load Current with 
5VIN (f = 500kHz for 0.8VOUT, 
1.2VOUT and 1.5VOUT)

Efficiency vs Load Current with 
12VIN (f = 500kHz for 1.2VOUT and 
1.5VOUT)

Efficiency vs Load Current with 
24VIN (f = 500kHz for 1.5VOUT)

(Refer to Figures 18 and 19)
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PACKAGE PHOTOGRAPH

RELATED PARTS
PART NUMBER DESCRIPTION COMMENTS

LTM4614 Dual, 4A, Low VIN, DC/DC µModule Regulator 2.375V ≤ VIN ≤ 5.5V, 0.8V ≤ VOUT ≤ 5V, 15mm w 15mm w 2.82mm LGA

LTM4615 Triple, Low VIN, DC/DC µModule Regulator Two 4A Outputs and One 1.5A, 15mm w 15mm w 2.82mm LGA

LTM4616 Dual, 8A, Low VIN, DC/DC µModule Regulator 2.7V ≤ VIN ≤ 5.5V, 0.6V ≤ VOUT ≤ 5V, 15mm w 15mm w 2.82mm LGA

LTM4628 Dual, 8A, 26V, DC/DC µModule Regulator 4.5V ≤ VIN ≤ 28.5V, 0.6V ≤ VOUT ≤ 5.5V, Remote Sense Amplifier, Internal 
Temperature Sensing Diode Output, 15mm w 15mm w 4.32mm LGA

LTM4620A Dual, 16V, 13A, 26A, Step-Down µModule Regulator 4.5V ≤ VIN ≤ 16V, 0.6V ≤ VOUT ≤ 5.3V, 15mm w 15mm w 4.41mm LGA

DESIGN RESOURCES
SUBJECT DESCRIPTION
µModule Design and Manufacturing Resources Design: 

 • Selector Guides 
 • Demo Boards and Gerber Files 
 • Free Simulation Tools

Manufacturing: 
 • Quick Start Guide 
 • PCB Design, Assembly and Manufacturing Guidelines 
 • Package and Board Level Reliability

µModule Regulator Products Search 1.  Sort table of products by parameters and download the result as a spread sheet.
2. Search using the Quick Power Search parametric table.

 
TechClip Videos Quick videos detailing how to bench test electrical and thermal performance of µModule products.
Digital Power System Management Linear Technology’s family of digital power supply management ICs are highly integrated solutions that 

offer essential functions, including power supply monitoring, supervision, margining and sequencing, 
and feature EEPROM for storing user configurations and fault logging.
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Two	
  demo	
  boards	
  provided	
  by	
  PV-­‐INFN	
  
Each	
  board	
  has	
  1.8	
  V	
  and	
  3.3	
  V	
  outputs	
  original	
  configura8on	
  

Vin:	
  24	
  V	
  
Iout:	
  3.1	
  A	
  on	
  1.8	
  V,	
  3.6	
  A	
  on	
  3.3	
  V	
  	
  test	
  ini8al	
  se]ngs	
  	
  
Irradia8on	
  with	
  with	
  5	
  Gy/h	
  (Si)	
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Circuit That Meets Customer-Supplied Specifications;

LTC CONFIDENTIAL - FOR CUSTOMER USE ONLY

Linear Technology Has Made A Best Effort To Design A

Supplied For Use With Linear Technology Parts.
This Circuit Is Proprietary To Linear Technology And

Circuit Board Layout May Significantly Affect Circuit

Applications Engineering For Assistance.

Application. Component Substitution And Printed

However, It Remains The Customer's Responsibility To

Performance Or Reliability. Contact Linear Technology

Verify Proper And Reliable Operation In The Actual

Customer Notice
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dc1453af

DEMO MANUAL DC1453A

DESCRIPTION

LTM4619EV: 4.5V-28V, 
Dual 4A Step-Down µModule 

Regulator

Demonstration circuit 1453A features the LTM®4619EV, the 
high input voltage, high effi ciency, high density, dual 4A 
step-down power module. Derating is necessary for certain 
VIN, VOUT, and thermal conditions. The two outputs are 
interleaved with 180° phase to minimize the input ripple 
and reduce the input capacitors. A minimum design only 
requires the bulk input and output capacitors and voltage 
setting resistors. The LTM4619EV features output voltage 
tracking, power good indicator, RUN pin control, clock 
synchronization and soft-start programming. Protection L, LT, LTC, LTM, Linear Technology, the Linear logo, µModule and Burst Mode are registered 

trademarks of Linear Technology Corporation. All other trademarks are the property of their 
respective owners.

BOARD PHOTO

PERFORMANCE SUMMARY (TA = 25°C)

features include foldback current limiting and overvolt-
age protection. Burst Mode® operation or pulse skipping 
mode can be selected for better light load effi ciency. The 
LTM4619 data sheet must be read in conjunction with 
this demo manual for working on or modifying the demo 
circuit 1453A.

Design fi les for this circuit board are available at 
http://www.linear.com/demo

PARAMETER CONDITION VALUE
Input Voltage Range 4.5V to 28V
Output Voltage VOUT1, VOUT2 3.3V ±2%, 1.8V ±2%
Maximum Continuous Output Current Derating Is Necessary for Certain VIN, VOUT, and Thermal Conditions, 

See Datasheet for Details.
4ADC for VOUT1, VOUT2

Default Operating Frequency JP2 on the 500kHz position. 500kHz
Effi ciency of Channel 1 VIN = 12V, VOUT1 = 3.3V, IOUT1 = 4A, Switching Frequency = 500kHz. 89.4%, See Figure 3
Effi ciency of Channel 2 VIN = 12V, VOUT2 = 1.8V, IOUT2 = 4A, Switching Frequency = 500kHz. 84.1% See Figure 3
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IrradiaSon	
  results	
  a`er	
  14	
  days	
  and	
  1700	
  Gy:	
  
	
  
•  Both	
  LTM	
  4619	
  modules	
  have	
  very	
  stable	
  performances:	
  
•  Efficiency	
  ε	
  and	
  Vout	
  constant	
  	
  
•  ε	
  =	
  0.68	
  ±	
  0.01	
  for	
  both	
  boards	
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In	
  July	
  a	
  22	
  Gy/h	
  dose	
  rate	
  was	
  used:	
  
Iout	
  varia8ons	
  a`er	
  1000	
  Gy	
  interpreted	
  as	
  efficiency	
  decrease	
  (no	
  Vout	
  monitoring)	
  
	
  
Now	
  with	
  present	
  test	
  we	
  are	
  at	
  1800	
  Gy	
  and	
  no	
  effect	
  on	
  Iout	
  is	
  observed	
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8033f

PACKAGE DESCRIPTION
Pin Assignment Table 

(Arranged by Pin Number)

PIN NAME PIN NAME PIN NAME PIN NAME PIN NAME PIN NAME
A1 VOUT B1 VOUT C1 VOUT D1 VOUT E1 GND F1 GND
A2 VOUT B2 VOUT C2 VOUT D2 VOUT E2 GND F2 GND
A3 VOUT B3 VOUT C3 VOUT D3 VOUT E3 GND F3 GND
A4 GND B4 GND C4 GND D4 GND E4 GND F4 GND
A5 GND B5 GND C5 GND D5 GND E5 GND F5 GND
A6 SHARE B6 RT C6 GND D6 GND E6 GND F6 GND
A7 ADJ B7 PGOOD C7 GND D7 GND E7 GND F7 GND
A8 GND B8 SYNC C8 GND D8 GND E8 GND F8 GND

PIN NAME PIN NAME PIN NAME PIN NAME PIN NAME
G1 GND J1 VIN K1 VIN L1 VIN

G2 GND J2 VIN K2 VIN L2 VIN

G3 AUX J3 VIN K3 VIN L3 VIN  
G4 BIAS
G5 GND H5 GND J5 GND K5 GND L5 GND 
G6 GND H6 GND J6 GND K6 GND L6 GND
G7 GND
G8 RUN J8 FIN K8 FIN L8 FIN

PACKAGE PHOTOGRAPH

Linear	
  LTM	
  8033	
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•  Single	
  Output	
  step-­‐down	
  module	
  
•  3.6	
  ÷	
  36	
  V	
  input	
  ,	
  0.8	
  ÷	
  24	
  V	
  output	
  
•  3A	
  output	
  max	
  per	
  module	
  (sync’d	
  combina8on	
  possible)	
  
•  11	
  x	
  15	
  x	
  4.3	
  mm3	
  ,	
  smaller	
  than	
  LTM	
  4619	
  
Compliance	
  with	
  EMI	
  EN55022	
  class	
  B	
  is	
  stressed	
  (contains	
  EMI	
  filter)	
  

LTM8033

1
8033f

 TYPICAL APPLICATION 

 FEATURES  DESCRIPTION

Ultralow Noise EMC 36VIN, 
3A DC/DC µModule 

Regulator

The LTM®8033 is an electromagnetic compatible (EMC) 
36V, 3A DC/DC μModule® buck converter designed to 
meet the radiated emissions requirements of EN55022. 
Conducted emission requirements can be met by adding 
standard filter components. Included in the package are the 
switching controller, power switches, inductor, filters and 
all support components. Operating over an input voltage 
range of 3.6V to 36V, the LTM8033 supports an output 
voltage range of 0.8V to 24V, and a switching frequency 
range of 200kHz to 2.4MHz, each set by a single resistor. 
Only the bulk input and output filter capacitors are needed 
to finish the design. 

The LTM8033 is packaged in a thermally enhanced, com-
pact (11.25mm × 15mm × 4.32mm) overmolded land grid 
array (LGA) package suitable for automated assembly by 
standard surface mount equipment. 
L, LT, LTC, LTM, Linear Technology, the Linear logo, µModule and Burst Mode are registered 
trademarks of Linear Technology Corporation. All other trademarks are the property of their 
respective owners.

Ultralow Noise 12V/3A DC/DC µModule Regulator

  APPLICATIONS

n Complete Step-Down Switch Mode Power Supply
n Wide Input Voltage Range: 3.6V to 36V
n 3A Output Current
n 0.8V to 24V Output Voltage
n EN55022 Class B Compliant
n Current Share Multiple LTM8033 Regulators for 

More Than 3A Output
n Selectable Switching Frequency: 200kHz to 2.4MHz
n Current Mode Control
n (e4) RoHS Compliant Package with Gold Pad Finish
n Programmable Soft-Start
n Compact Package (11.25mm × 15mm × 4.32mm) 

Surface Mount LGA

n Automotive Battery Regulation
n Power for Portable Products
n Distributed Supply Regulation
n Industrial Supplies
n Wall Transformer Regulation

EMI Performance

8033 TA01a

VIN

RUN/SS

FIN

SHARE

VIN*
20V TO 36V

VOUT
12V
3A

VOUT

AUX

BIAS

PGOOD

RT

LTM8033

2.2µF

SYNC GND ADJ

1µF

f = 850kHz

41.2k 34.8k

47µF

* RUNNING VOLTAGE RANGE. PLEASE REFER TO THE 
APPLICATIONS INFORMATION SECTION FOR START-UP DETAILS.
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 ELECTRICAL CHARACTERISTICS

Note 1: Stresses beyond those listed under Absolute Maximum Ratings 
may cause permanent damage to the device. Exposure to any Absolute 
Maximum Rating condition for extended periods may affect device 
reliability and lifetime.
Note 2: The LTM8033E is guaranteed to meet performance specifications 
from 0°C to 125°C internal. Specifications over the full –40°C to 
125°C internal operating temperature range are assured by design, 
characterization and correlation with statistical process controls. The 

 The l denotes the specifications which apply over the full operating 
temperature range, otherwise specifications are at TA = 25°C.VIN = 12V, RUN/SS = 12V unless otherwise noted (Note 2).

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output RMS Voltage Ripple  VIN = 24V, 0A < IOUT < 3A 5 mV
Switching Frequency RT = 45.3k 780 kHz
Voltage at ADJ Pin l 775 790 805 mV
Current Out of ADJ Pin ADJ = 1V, VOUT = 0V 2 µA
Minimum BIAS Voltage for Proper Operation 2 2.8 V
RUN/SS Pin Current RUN/SS = 2.5V 5 10 µA
RUN/SS Input High Voltage 2.5 V
RUN/SS Input Low Voltage 0.2 V
PGOOD Threshold (at ADJ) VOUT Rising 730 mV
PGOOD Leakage Current PGOOD = 30V, RUN/SS = 0V 0.1 1 µA
PGOOD Sink Current PGOOD = 0.4V 200 735 µA
SYNC Input Low Threshold fSYNC = 550kHz 0.5 V
SYNC Input High Threshold fSYNC = 550kHz 0.7 V
SYNC Bias Current SYNC = 0V 0.1 µA
500kHz Narrowband Conducted Emissions  24VIN, 3.3VOUT, IOUT = 3A, 5µH LISN 89

69
51

dBµV 
dBµV 
dBµV

1MHz Narrowband Conducted Emissions
3MHz Narrowband Conducted Emissions

LTM8033I is guaranteed to meet specifications over the full –40°C 
to 125°C internal operating temperature range. The LTM8033MP is 
guaranteed to meet specifications over the full –55°C to 125°C internal 
operating temperature range. Note that the maximum internal temperature 
is determined by specific operating conditions in conjunction with board 
layout, the rated package thermal resistance and other environmental 
factors.

2.5VOUT Efficiency 3.3VOUT Efficiency 5VOUT Efficiency

TYPICAL PERFORMANCE CHARACTERISTICS TA = 25°C, unless otherwise noted.
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 ELECTRICAL CHARACTERISTICS

Note 1: Stresses beyond those listed under Absolute Maximum Ratings 
may cause permanent damage to the device. Exposure to any Absolute 
Maximum Rating condition for extended periods may affect device 
reliability and lifetime.
Note 2: The LTM8033E is guaranteed to meet performance specifications 
from 0°C to 125°C internal. Specifications over the full –40°C to 
125°C internal operating temperature range are assured by design, 
characterization and correlation with statistical process controls. The 

 The l denotes the specifications which apply over the full operating 
temperature range, otherwise specifications are at TA = 25°C.VIN = 12V, RUN/SS = 12V unless otherwise noted (Note 2).

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output RMS Voltage Ripple  VIN = 24V, 0A < IOUT < 3A 5 mV
Switching Frequency RT = 45.3k 780 kHz
Voltage at ADJ Pin l 775 790 805 mV
Current Out of ADJ Pin ADJ = 1V, VOUT = 0V 2 µA
Minimum BIAS Voltage for Proper Operation 2 2.8 V
RUN/SS Pin Current RUN/SS = 2.5V 5 10 µA
RUN/SS Input High Voltage 2.5 V
RUN/SS Input Low Voltage 0.2 V
PGOOD Threshold (at ADJ) VOUT Rising 730 mV
PGOOD Leakage Current PGOOD = 30V, RUN/SS = 0V 0.1 1 µA
PGOOD Sink Current PGOOD = 0.4V 200 735 µA
SYNC Input Low Threshold fSYNC = 550kHz 0.5 V
SYNC Input High Threshold fSYNC = 550kHz 0.7 V
SYNC Bias Current SYNC = 0V 0.1 µA
500kHz Narrowband Conducted Emissions  24VIN, 3.3VOUT, IOUT = 3A, 5µH LISN 89

69
51

dBµV 
dBµV 
dBµV

1MHz Narrowband Conducted Emissions
3MHz Narrowband Conducted Emissions

LTM8033I is guaranteed to meet specifications over the full –40°C 
to 125°C internal operating temperature range. The LTM8033MP is 
guaranteed to meet specifications over the full –55°C to 125°C internal 
operating temperature range. Note that the maximum internal temperature 
is determined by specific operating conditions in conjunction with board 
layout, the rated package thermal resistance and other environmental 
factors.

2.5VOUT Efficiency 3.3VOUT Efficiency 5VOUT Efficiency

TYPICAL PERFORMANCE CHARACTERISTICS TA = 25°C, unless otherwise noted.
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TYPICAL PERFORMANCE CHARACTERISTICS

Input Current vs Output Current 
5VOUT

Input Current vs Output Current 
8VOUT

Input Current vs Output Current 
12VOUT

Input Current vs Output Current 
18VOUT

Minimum Required Input Voltage 
vs Output Voltage, IOUT = 3A

Minimum Required Input Voltage 
vs Load Current, 2.5VOUT

Input Current vs Input Voltage 
Output Shorted

Input Current vs Output Current
2.5VOUT

Input Current vs Output Current 
3.3VOUT

TA = 25°C, unless otherwise noted.
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Two	
  demo	
  boards	
  provided	
  by	
  MI-­‐PV:	
  
•  Board	
  1	
  has	
  been	
  modified	
  by	
  MI	
  (S.	
  Latorre)	
  to	
  provide	
  1.5	
  Vout	
  
•  Board	
  2	
  has	
  original	
  3.3	
  Vout	
  
	
  	
  
Vin:	
  24	
  V	
  ,	
  Iout:	
  2	
  A	
  intended	
  as	
  test	
  ini8al	
  se]ng	
  (1,78	
  A	
  on	
  1.5	
  V,	
  1.93	
  A	
  on	
  3.3	
  V)	
  
Irradia8on	
  with	
  5	
  Gy/h	
  ϒ	
  
	
  

1
dc1623af

DEMO MANUAL DC1623A

 DESCRIPTION

LTM8033: 
36VIN, 3A Low EMI Step-Down 

µModule Regulator

Demonstration circuit DC1623A features the LTM®8033, a 
low-EMI EN55022 Class B certified step-down µModule® 

regulator, pre-configured for a 3.3V output from a 5.5V 
to 36V input. The circuit supports other features of the 
LTM8033 including synchronization to an external clock, 
current sharing with another LTM8033 µModule regula-
tor, and burst mode operation for improved efficiency 

PERFORMANCE SUMMARY

BOARD PHOTO

at light loads. The LTM8033 data sheet must be read in 
conjunction with this quick start guide prior to working 
on or modifying demo circuit DC1623A. 

Design files for this circuit board are available at 
http://www.linear.com/demo
L, LT, LTC, LTM, µModule, Linear Technology and the Linear logo are registered trademarks of 
Linear Technology Corporation. All other trademarks are the property of their respective owners.

(TA = 25°C)

PARAMETER CONDITIONS VALUE
Input Voltage Range 5.5V to 36V
Output Voltage VOUT 3.3V ±3%
Maximum Output Current 3A
Typical Switching Frequency R2 = 93.1k 425kHz

5 dc1623af

D
EM

O
 M

A
N

U
A

L D
C

1623A

Inform
ation furnished by Linear Technology Corporation is believed to be accurate and reliable. 

However, no responsibility is assum
ed for its use. Linear Technology Corporation m

akes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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IrradiaSon	
  results	
  aXer	
  14	
  days	
  and	
  1700	
  Gy	
  :	
  
•  Both	
  LTM	
  8033	
  modules	
  have	
  increased	
  their	
  Vout	
  up	
  to	
  a	
  plateau	
  of	
  about	
  

+20%	
  with	
  respect	
  to	
  test	
  ini8al	
  value	
  
•  Efficiency	
  is	
  stable	
  at	
  0.80±0.03	
  for	
  board	
  1	
  and	
  0.58±0.04	
  for	
  board	
  2	
  (taking	
  

into	
  account	
  Vout	
  varia8on)	
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Single	
  Output	
  step-­‐down	
  module	
  
12	
  V	
  input,	
  1.2	
  V	
  output,	
  6A	
  	
  
More	
  details	
  from	
  PD	
  colleagues	
  
	
  
One	
  board	
  provided	
  with	
  resis8ve	
  load	
  
Vin:	
  12V,	
  Iout	
  6A	
  test	
  ini8al	
  se]ngs	
  
Irradia8on	
  at	
  5	
  Gy/h	
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  ϒ	
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IrradiaSon	
  results	
  aXer	
  10	
  days	
  and	
  1300	
  Gy	
  :	
  
•  POL	
  module	
  has	
  increased	
  slightly	
  its	
  Vout	
  up	
  to	
  +10%	
  with	
  respect	
  to	
  test	
  

ini8al	
  se]ng,	
  bejer	
  than	
  LTM	
  8033	
  but	
  s8ll	
  sensi8ve	
  to	
  TID	
  
•  Efficiency	
  is	
  stable	
  at	
  0.68±0.02	
  (taking	
  into	
  account	
  Vout	
  varia8on)	
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Efficiencies	
  are	
  stable	
  up	
  to	
  1800	
  Gy	
  for	
  all	
  modules	
  
TID	
  effect	
  is	
  an	
  increase	
  of	
  Vout:	
  a	
  possible	
  explana8on	
  is	
  a	
  gate	
  oxide	
  damage	
  of	
  
the	
  MOSFETs	
  integrated	
  in	
  the	
  step-­‐down	
  modules,	
  with	
  consequent	
  increase	
  of	
  
the	
  leakage	
  current	
  resul8ng	
  in	
  higher	
  Vout	
  
	
  
Significant	
  differences	
  in	
  V/V0:	
  
•  LTM	
  4619	
  is	
  stable	
  at	
  per-­‐mil	
  level	
  
•  LTM	
  8033	
  increases	
  V	
  outputs	
  of	
  20%	
  a`er	
  1400	
  Gy	
  
•  POL-­‐PD	
  increased	
  Vout	
  of	
  10%	
  a`er	
  1000	
  Gy,	
  different	
  trend:	
  GaN	
  MOSFETs	
  ?	
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v  Agos8no	
  managed	
  to	
  have	
  from	
  D.	
  Amidei	
  (U.	
  Michighan)	
  two	
  new	
  modules	
  
manufactured	
  by	
  Linear:	
  LT	
  8610	
  and	
  LTM	
  4628	
  	
  

v  We	
  received	
  the	
  boards	
  in	
  Casaccia,	
  but	
  LTM	
  4628	
  malfunc8oned	
  right	
  a`er	
  
powering	
  it	
  up	
  due	
  to	
  wrong	
  output	
  modifica8on	
  by	
  Michighan	
  

v  Presently	
  only	
  LT	
  8610	
  is	
  under	
  irradia8on	
  at	
  10	
  Gy/h,	
  we	
  will	
  try	
  to	
  repair	
  the	
  
other	
  board	
  tomorrow.	
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TYPICAL APPLICATION

DESCRIPTION

Dual 8A or Single 16A  
DC/DC µModule Regulator

The LTM®4628 is a complete dual 8A output switching 
mode DC/DC power supply and can be easily configured 
to provide a single 2-phase 16A output. Included in the 
package are the switching controller, power FETs, inductor, 
and all supporting components. Operating from an input 
voltage range of 4.5V to 26.5V, the LTM4628 supports 
two outputs each with an output voltage range of 0.6V to 
5.5V, set by a single external resistor. Its high efficiency 
design delivers 8A continuous current for each output. 
Only a few input and output capacitors are needed.

The device supports frequency synchronization, multi-
phase operation, Burst Mode operation and output voltage 
tracking for supply rail sequencing. It has an onboard 
temperature diode for device temperature monitoring. 
High switching frequency and a current mode architec-
ture enable a very fast transient response to line and load 
changes without sacrificing stability. 

Fault protection features include overvoltage and over-
current protection. The power module is offered in space 
saving and thermally enhanced 15mm × 15mm × 4.32mm 
LGA and 15mm × 15mm × 4.92mm BGA packages. The 
LTM4628 is RoHS compliant with Pb-free finish.
L, LT, LTC, LTM, Linear Technology, the Linear logo, µModule, Burst Mode and PolyPhase 
are registered and LTpowerCAD is a trademarks of Linear Technology Corporation. All other 
trademarks are the property of their respective owners.

Dual 8A, 1.5V and 1.2V Output DC/DC µModule® Regulator

FEATURES

APPLICATIONS

n Complete Standalone Dual Power Supply 
n Single 16A or Dual 8A Output
n Wide Input Voltage Range: 4.5V to 26.5V
n Output Voltage Range: 0.6V to 5.5V 
n ±1.5% Total DC Output Error 
n Differential Remote Sense Amplifier
n Current Mode Control/Fast Transient Response
n Adjustable Switching Frequency
n Overcurrent Foldback Protection
n Multiphase Parallel Current Sharing with 

Multiple LTM4628s
n Frequency Synchronization
n Internal Temperature Sensing Diode Output
n Selectable Burst Mode® Operation
n Soft-Start/Voltage Tracking
n Output Overvoltage Protection 
n Small Surface Mount Footprint, Low Profile 

15mm × 15mm × 4.32mm LGA and 
15mm × 15mm × 4.92mm BGA Packages

n Telecom and Networking Equipment
n Storage and ATCA Cards
n Industrial Equipment

Efficiency and Power Loss 
at 12V Input
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TYPICAL APPLICATION

DESCRIPTION

Dual 8A or Single 16A  
DC/DC µModule Regulator

The LTM®4628 is a complete dual 8A output switching 
mode DC/DC power supply and can be easily configured 
to provide a single 2-phase 16A output. Included in the 
package are the switching controller, power FETs, inductor, 
and all supporting components. Operating from an input 
voltage range of 4.5V to 26.5V, the LTM4628 supports 
two outputs each with an output voltage range of 0.6V to 
5.5V, set by a single external resistor. Its high efficiency 
design delivers 8A continuous current for each output. 
Only a few input and output capacitors are needed.

The device supports frequency synchronization, multi-
phase operation, Burst Mode operation and output voltage 
tracking for supply rail sequencing. It has an onboard 
temperature diode for device temperature monitoring. 
High switching frequency and a current mode architec-
ture enable a very fast transient response to line and load 
changes without sacrificing stability. 

Fault protection features include overvoltage and over-
current protection. The power module is offered in space 
saving and thermally enhanced 15mm × 15mm × 4.32mm 
LGA and 15mm × 15mm × 4.92mm BGA packages. The 
LTM4628 is RoHS compliant with Pb-free finish.
L, LT, LTC, LTM, Linear Technology, the Linear logo, µModule, Burst Mode and PolyPhase 
are registered and LTpowerCAD is a trademarks of Linear Technology Corporation. All other 
trademarks are the property of their respective owners.

Dual 8A, 1.5V and 1.2V Output DC/DC µModule® Regulator

FEATURES

APPLICATIONS

n Complete Standalone Dual Power Supply 
n Single 16A or Dual 8A Output
n Wide Input Voltage Range: 4.5V to 26.5V
n Output Voltage Range: 0.6V to 5.5V 
n ±1.5% Total DC Output Error 
n Differential Remote Sense Amplifier
n Current Mode Control/Fast Transient Response
n Adjustable Switching Frequency
n Overcurrent Foldback Protection
n Multiphase Parallel Current Sharing with 

Multiple LTM4628s
n Frequency Synchronization
n Internal Temperature Sensing Diode Output
n Selectable Burst Mode® Operation
n Soft-Start/Voltage Tracking
n Output Overvoltage Protection 
n Small Surface Mount Footprint, Low Profile 

15mm × 15mm × 4.32mm LGA and 
15mm × 15mm × 4.92mm BGA Packages

n Telecom and Networking Equipment
n Storage and ATCA Cards
n Industrial Equipment
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at 12V Input
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DEMO MANUAL DC1663A

DESCRIPTION

LTM4628EV High Efficiency, 
Dual 8A Step-Down Power 

µModule Regulator 

BOARD PHOTO

Demonstration circuit DC1663A features the LTM®4628EV, 
the high efficiency, high density, dual 8A output, switch 
mode step-down power module. The input voltage is 
from 4.5V to 26.5V. The output voltage is programmable 
from 0.6V to 5.5V. Output current derating is necessary 
for certain VIN, VOUT, and thermal conditions. The board 
operates in continuous conduction mode in heavy load 
conditions. For high efficiency at low load currents, the 
MODE jumper (JP1) selects pulse-skipping mode for 
noise sensitive applications or Burst Mode® operation 
in less noise sensitive applications. The DC1663A sets 
the LTM4628EV default switching frequency to 400kHz; 
however the frequency is resistor programmable from 
250kHz up to 780kHz. An internal phase-lock loop allows 
the module to be synchronized to an external clock. The 

board allows the user to program how its output ramps 
up and down through the TRACK/SS pin. The output can 
be set up to either coincidentally or ratio metrically track 
with another supply’s output. Remote output voltage sens-
ing is available for improved output voltage regulation at 
the load point. These features and the availability of the 
LTM4628EV in a compact 15mm × 15mm × 4.32mm LGA 
package make it ideal for use in many high density point 
of load regulation applications. The LTM4628 datasheet 
must be read in conjunction with this demo manual for 
working on or modifying the demo circuit DC1663A. 

Design files for this circuit board are available at  
http://www.linear.com/demo
L, LT, LTC, LTM, Linear Technology, Burst Mode and the Linear logo are registered trademarks 
of Linear Technology Corporation. All other trademarks are the property of their respective 
owners.

LT8610

1
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For more information www.linear.com/LT8610

TYPICAL APPLICATION 

FEATURES DESCRIPTION

42V, 2.5A Synchronous 
Step-Down Regulator 
with 2.5µA Quiescent 

Current

The LT®8610 is a compact, high efficiency, high speed 
synchronous monolithic step-down switching regulator 
that consumes only 2.5µA of quiescent current. Top and 
bottom power switches are included with all necessary 
circuitry to minimize the need for external components. 
Low ripple Burst Mode operation enables high efficiency 
down to very low output currents while keeping the output 
ripple below 10mVP-P. A SYNC pin allows synchronization 
to an external clock. Internal compensation with peak cur-
rent mode topology allows the use of small inductors and 
results in fast transient response and good loop stability. 
The EN/UV pin has an accurate 1V threshold and can be 
used to program VIN undervoltage lockout or to shut down 
the LT8610 reducing the input supply current to 1µA. A 
capacitor on the TR/SS pin programs the output voltage 
ramp rate during start-up. The PG flag signals when VOUT 
is within ±9% of the programmed output voltage as well 
as fault conditions. The LT8610 is available in a small 
16-lead MSOP package with exposed pad for low thermal 
resistance.

5V 2.5A Step-Down Converter 12VIN to 5VOUT Efficiency

APPLICATIONS

n Wide Input Voltage Range: 3.4V to 42V
n Ultralow Quiescent Current Burst Mode® Operation:
  2.5μA IQ Regulating 12VIN to 3.3VOUT
  Output Ripple < 10mVP-P 
n High Efficiency Synchronous Operation:
  96% Efficiency at 1A, 5VOUT from 12VIN 
  94% Efficiency at 1A, 3.3VOUT from 12VIN 
n Fast Minimum Switch-On Time: 50ns
n Low Dropout Under All Conditions: 200mV at 1A
n Allows Use Of Small Inductors
n Low EMI
n Adjustable and Synchronizable: 200kHz to 2.2MHz
n Current Mode Operation
n Accurate 1V Enable Pin Threshold
n Internal Compensation
n Output Soft-Start and Tracking
n Small Thermally Enhanced 16-Lead MSOP Package

n Automotive and Industrial Supplies
n General Purpose Step-Down
n GSM Power Supplies

L, LT, LTC, LTM, Burst Mode, Linear Technology and the Linear logo are registered trademarks 
of Linear Technology Corporation. All other trademarks are the property of their respective 
owners.
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For more information www.linear.com/LT8610

TYPICAL APPLICATION 

FEATURES DESCRIPTION

42V, 2.5A Synchronous 
Step-Down Regulator 
with 2.5µA Quiescent 

Current

The LT®8610 is a compact, high efficiency, high speed 
synchronous monolithic step-down switching regulator 
that consumes only 2.5µA of quiescent current. Top and 
bottom power switches are included with all necessary 
circuitry to minimize the need for external components. 
Low ripple Burst Mode operation enables high efficiency 
down to very low output currents while keeping the output 
ripple below 10mVP-P. A SYNC pin allows synchronization 
to an external clock. Internal compensation with peak cur-
rent mode topology allows the use of small inductors and 
results in fast transient response and good loop stability. 
The EN/UV pin has an accurate 1V threshold and can be 
used to program VIN undervoltage lockout or to shut down 
the LT8610 reducing the input supply current to 1µA. A 
capacitor on the TR/SS pin programs the output voltage 
ramp rate during start-up. The PG flag signals when VOUT 
is within ±9% of the programmed output voltage as well 
as fault conditions. The LT8610 is available in a small 
16-lead MSOP package with exposed pad for low thermal 
resistance.

5V 2.5A Step-Down Converter 12VIN to 5VOUT Efficiency

APPLICATIONS

n Wide Input Voltage Range: 3.4V to 42V
n Ultralow Quiescent Current Burst Mode® Operation:
  2.5μA IQ Regulating 12VIN to 3.3VOUT
  Output Ripple < 10mVP-P 
n High Efficiency Synchronous Operation:
  96% Efficiency at 1A, 5VOUT from 12VIN 
  94% Efficiency at 1A, 3.3VOUT from 12VIN 
n Fast Minimum Switch-On Time: 50ns
n Low Dropout Under All Conditions: 200mV at 1A
n Allows Use Of Small Inductors
n Low EMI
n Adjustable and Synchronizable: 200kHz to 2.2MHz
n Current Mode Operation
n Accurate 1V Enable Pin Threshold
n Internal Compensation
n Output Soft-Start and Tracking
n Small Thermally Enhanced 16-Lead MSOP Package

n Automotive and Industrial Supplies
n General Purpose Step-Down
n GSM Power Supplies

L, LT, LTC, LTM, Burst Mode, Linear Technology and the Linear logo are registered trademarks 
of Linear Technology Corporation. All other trademarks are the property of their respective 
owners.

BSTVIN

EN/UV

PG

SYNC

INTVCC

TR/SS

RT

SW
LT8610

GNDPGND

BIAS

8610 TA01a

FB

0.1µF
VOUT
5V
2.5A

4.7µF

VIN
5.5V TO 42V

1µF

10nF

10pF

4.7µH

1M

243k

fSW = 700kHz

60.4k

47µF

LOAD CURRENT (A)
0

EF
FI

CI
EN

CY
 (%

)

80

90

100

2

8610 G01

70

60

75

85

95

65

55

50
0.5 1 1.5 2.5

VIN = 12V
VIN = 24V

fSW = 700kHz

3
dc1749af

DEMO MANUAL DC1749A

QUICK START PROCEDURE

Figure 4. Proper Measurement Equipment Setup

Figure 5. Measure Output Ripple

Demonstration circuit 1749A is easy to set up to evalu-
ate the performance of the LT8610. Refer to Figure 4 and 
Figure 5 for proper measurement equipment setup and 
follow the procedure below:

1. With power off, connect the input power supply to VIN 
and GND.

2. With power off, connect the load to VOUT and GND.

3. Check JP1 setting

4. Turn on the power at the input.

5. Carefully evaluate other design parameters as needed.



Conclusions	
  and	
  outlook	
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ü  LTM	
  4619	
  seems	
  the	
  less	
  sensiSve	
  to	
  TID	
  
ü  LTM	
  8033	
  is	
  sensi8ve	
  to	
  few	
  tens	
  of	
  Gy:	
  Vout	
  regula8on	
  impaired	
  
ü  POL-­‐PD	
  has	
  a	
  different	
  behaviour,	
  but	
  s8ll	
  sensi8ve	
  to	
  hundreds	
  of	
  Gy	
  
ü  New	
  boards	
  from	
  U.	
  Michighan	
  have	
  just	
  started	
  the	
  test	
  
	
  
But:	
  
•  Irradia8on	
  at	
  5	
  Gy/h	
  is	
  s8ll	
  ongoing:	
  	
  
•  goal	
  is	
  3500	
  Gy	
  for	
  Linear	
  LTM	
  8033	
  and	
  4619	
  
•  POL-­‐PD	
  will	
  take	
  3000	
  Gy	
  
•  New	
  Linear	
  Michighan	
  boards	
  will	
  reach	
  3500	
  and	
  1500	
  Gy	
  at	
  10	
  Gy/h	
  
	
  

Results	
  will	
  be	
  discussed	
  in	
  January	
  aXer	
  the	
  end	
  of	
  the	
  test	
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