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Linear Power Supply Design

WHY DO WE WANT TO BUILD A
ref. 3 SWITCHING POWE SUPPLY
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Switching Power Supply Design

ZVS Piose=0 x current
- ZCS Piose=current x 0
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Everything Looks Better But

 Reliability
O Safety

1 Development Time
d Custom Magnetic

O EMI

[ Testing and Qualification

1 Required Design Expertise.
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Linear or Switching Supply?

O Linear: Low ripple and noise specification
[ Linear: fast transient response

O Linear: inefficient and generates heat

O SMPS: Efficient, can generate noise
O SMPS: noise Vpp from 20Hz to 20MHz

O QR SMPS: ZVS improves ripple and noise

1 QR SMPS: Higher power density and flexible.
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Noise Profile on
Linear vs. Switching
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Typical linear power supply
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Typical switching power supply
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More Than Voltage and Current

O Line Regulation
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More Than Voltage and Current

 Slew Rate (60% of the | )
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Control Loop

[ Stability and Phase Margin

d Keep phase shift from less than 360 degrees before the loop gain falls

below unity s - e
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Table 1. Phase Margin vs Ringing in Load-Step Response
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Good PSU Specification

Table 2. Performance Specification Summary

Specification Test Conditions Min Typ Max | Unit
Vy voltage range 8 12 24 \'
' No Load Input Current lour = 0A Vi = 12V 6.3 mA
 Output voitage set point 3 _— - .
Line regulation Hlour : o | =~ P
Operating frequency C4: Vour AC coupled (100 mV/div) . |
Qutput current range F g <
Output over current limit(" Vin = § ’ E
Output over current limit(" Vin = €3 lour (1.00 Aldiv) = - | | 1]
Load regulation I'our 3 r—-_—-\ A AN A o
g .6010 100 1k 10k 100k 1M—1SD
lour: Frequency (Hz) =
Load transient response " Timebase: 200 ps/div
lour: Figure 5. Load Transient Response Figure 6. Loop Response
Loop bandwidth i'our =25A Viy =12V 78 kHz
Phase margin our = 2.5A, Vi = 12V 56 :
i plour = 2.5A, Viy = 12V 75 mVpp
| Peak efficiency flour = 0.9A, Vi = 12V 87.9 %
| Qutput current DCM threshold Vin =12V 340 mA
ref. 9
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Modelling Power Supplies

O The power electronics field is supposedly simple

duty cycle d

clock —s
" — 11
+ control v,

O Christophe Basso Switch-Mode Power Supply book
0 1300 equations to cover the basics of operation

Q=Z
4o
R+

DRy, + DRy +R_+R
Zy

Z, =

ref. 10
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Small-Sighal Model

O Linear Regulator [ Switching Mode Power Supply
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Simulation Tools

O Multisim - NI Instrument O Simplis - Simetrix Technologies

L ———
HOQ 9SIXCAEQAQIF 14 siTTROT S
s o P
'7_\ CLRRN LTV : T i o
PR B R Ll
P Lo

ref. 11

O LTspice - Linear Technology

ref. 10
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Modelling Approaches

O Four different ways to simulate power supplies

b Analytical Power Stage Transfer Function
PWM Switch alytical Power Stage Transfer Functions

Highest Speed Power Stage Transfer Function Bode Plots

No Convergence Issues

ref. 10
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Design Tools from Linear Tech.

O LTpower CAD
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Design Tools from Texas Instr.

Tl WebBench
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