
Get the power 
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Get the power 
right in your lab !



� Basic Power Supply Types
� Key Specifications
� Constant Voltage/Constant Current operation
� Remote Sensing
� Inductive Loads
� Pulsed Loads
� Parallel & Series Operation

DC Basics Outline
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� Analog Programming
� Thermal Management
� Regulatory Concerns
� ATE Considerations



� Linear
� Switch Mode

� PWM
� ZVT (aka Soft switching)

Basic Power Supply Types 
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� ZVT (aka Soft switching)



Linear Power Supply (basic design) 
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Advantages
� Low Noise
� Fast Transient Response
� Simple Design

Disadvantages
� Poor Efficiency
� Large
� Heavy



Switching Power Supply (basic design) 
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Advantages
� Higher Efficiency
� Smaller Size/Weight
� Control / options

Disadvantages
� Higher p-p Noise
� Slower Transient 

Response



Noise Profile on Linear vs. Switcher
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Typical Linear Supply

Typical Switching Supply



� AC Input: Range, Phases
� Efficiency
� Input Power Factor
� Regulation – Load/Line

Key Power Supply Specifications 
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� Regulation – Load/Line
� Noise & Ripple
� Rise & Fall Time
� Transient Response



Key Specs - AC Input Selection 

Need To Get This Correct Right From the Beginning!

� Single Phase (for lower power units)
� Universal Input (85 – 265)
� Tap Switching Input
� 115 VAC (~20A @ 1500W)
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� 115 VAC (~20A @ 1500W)
� 230 VAC (~10A @ 1500W)

� Three Phase (for higher power units)
Nom Input Range 5kW 10kW

� 208 VAC (180 – 253) ~20A/ph ~40A/ph
� 400 VAC (360 – 440) ~10A/ph ~20A/ph
� 480 VAC (432 – 528) ~8A/ph ~17A/ph



Key Specs - Power Supply Efficiency 

Percent of Input Power Converted to Output Power

� Typical Efficiency of Topologies 
� Linear 40-60 %
� SCR or Pre-Regulated 70-80 %
� Switchmode 90+ %
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� Switchmode 90+ %
� Consider subsequent effects

� Lower Efficiency results in increased size/weight
� Lower Efficiency results in lower reliability
� Lost electrical power is directly converted to Heat which 

needs to be removed from system/environment 
� At 70% efficiency, a 10kW supply generates 3,000W of heat!



Key Specs - AC Mains Input Power Factor 

Bad Power Factor causes:

� Very high peak currents
� Requires thicker wiring and larger 

breakers

� Large harmonic distortion

Voltage

Current
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Key Specs - Load Regulation 

Percent change of Vout as a function of load change
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Key Specs - Line Regulation 

Percent change of Vout as a function of Line change
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Key Specs - Noise and Ripple

� No Standard
� Different manufacturers use different 

methods
� ‘Paper’ specifications not always 

compatible
� Some measure in 20 Hz – 200 kHz
� Some do not specify bandwidth at all, 
� Some do not test under full load.
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� Some do not test under full load.
� Variations in manufacturing

Specs based on historical measurement 
techniques

� Noise (PARD) - p-p Scope (typ 20kHz) 

� Ripple - RMS Meter (typ 60Hz and 
below)



Output Rise Time 
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• Rise time is a response to a programmed signal
• GEN Series is typically 80 ms for 0 to FS output



Output Fall Time 
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• Fall time is a response to a programmed signal
• Fall time depends on output load. Full Load can be 50 x 
faster than No Load!



Transient Response Time 
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• Transient Response is response to a Load Change
• T1 = transient response time.  Typically < 1 ms



Voltage & Current Mode Operation 

� PS automatically switches between CV and CC based o n the 
load

� If ILoad < ISET = CV mode
� If ILoad > ISET = CC mode
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Local Sense Considerations 
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6 mm2wire typically 3m W/m;    10 m = 30 m WWWW

If I = 20 A; V r = 20 A x 30 mW = 600 mV drop per line; total 1.2 V!
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Remote Sense Considerations 
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Advantages:
� Better regulation at the load
� Better voltage accuracy
� Typically capable of 2-5 VDC correction 



Remote Sense & Load Switching 
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Remote Sense & Load Switching 
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Correct method:
� Sense connections on power supply side of switch



Inductive Load Considerations 
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Freewheeling Diode

Freewheeling diode protects power supply from exces sive 
Voltages due to collapsing field



Inductive Load Considerations cont’d
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Supply
-
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Blocking Diode and Freewheeling diode protect from back EMF



Pulsed Loads 
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Power supply may need to be sized for I peak!
� Typical loads: Inverters (DC to AC), DC to DC 

Converters, Audio amplifiers
� Output Caps can be overheated
� Pulse Width and Duty Cycle must be low

Time

I avg



Two methods
� Manual

� Both supplies in Voltage mode
� Current share

Parallel Operation 
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� Current share
� Master/Slave
� Master in voltage mode, slaves in current 

mode
� Dedicated current share wire
� Advanced Parallel Mode allows all 

programming and readback from Master



Parallel Operation
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Series Operation 

Manual Control
� Both supplies in Voltage mode
� Each supply adjusted independently
� Be Aware of PSU Isolation Rating

� Can use Center-Tapped setup for Higher Voltages
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� Can use Center-Tapped setup for Higher Voltages

� Where possible, use Parallel connection instead



� Allows programming of the supply’s voltage 
and current output by providing an external 
signal

� Resistance (0-5 K � )
� Or Voltage (0-5 or 0-10 VDC)

Analog Programming 
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� Allows you to readback power supply status 
and measure V & I (0-5 or 0-10 VDC)

� Fastest programming possible
� Allows power supply to be integral part of 

system feedback loop
� Limited to about 10 Hz on most supplies (not a 

power amplifier!)



� If incorporating power supply’s into a cabinet, 
make sure to:

� Provide exhaust capability to cabinet
� Keep internal operating temperature of cabinet 

at or below power supply’ operating 
temperature rating

Thermal Management Considerations 

2828

� Determine if power supply is capable of Zero-
Stacking

� Switching power supplies are typically 90% 
efficient; Linears are 60%

� That means 10% to 40% of the power is 
dissipated as heat!



� When using the power as part of a system that 
will need regulatory approvals it is helpful if 
the supply meets those approvals too

� Another solution is to have your system 
approved at the systems level

� Not all components need to be compliant for a 
system to get approvals, but having compliant 

Regulatory 
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system to get approvals, but having compliant 
components certainly makes it easier



Key Compliance Specifications
� EMC

� IEC 1000-4-2 (ESD)
� IEC 1000-4-4 (Fast Transients)
� IEC 1000-4-5 (Surge Immunity)
� IEC 1000-4-6 (Conducted Immunity)

Regulatory cont’d 
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� IEC 1000-4-6 (Conducted Immunity)
� IEC 1000-4-3 (Radiated Immunity)
� EN55022B (Conducted Emission)
� EN55022A (Radiated Emission)

� Safety
� CSA, UL, SELV, TUV, Isolation Rating

� CE Mark (EMC)



� Mount Power Supplies Correctly using Rack 
Mount Kits and support bars

� Provide Adequate Airflow and Filtering (if 
necessary)

� Install appropriate AC input breakers
� Select optimal interface 

Key Issues with ATE Design 
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� Select optimal interface 
� RS-232 (serial)
� GPIB (parallel)
� LAN / LXI (very prevalent, good for distance)
� Multi-drop
� Software support (i.e. LabView, etc.)



???

Questions? 
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???



Thank You!
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Thank You!


