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Practical aspects of feedback control
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Fairchild Integrated Circuits Group, ICG

Presentation Overview:

This webcast explains design considerations when using an optically isolated error amplifier as
the voltage feedback device in an off-line switch mode power supply. Using a practical example,
the primary focus is on understanding what determines the frequency response of the feedback

control system, with the goal of ensuring control loop stability and acceptable transient response
in an isolated power supply.

About the Presenter:

Bob Krause is the Applications Engineering Manager of the Optoelectronic Business Unit of
Fairchild Integrated Circuits Group, ICG. During Bob’s thirty years of optoelectronic experience
he has held applications management positions at the optoelectronic divisions of Hewlett
Packard, General Instruments, Siemens, Infineon , and Vishay. He is a holder of 8 US patents,
has authored numerous trade articles, and design application notes, plus is co-author of text
book “Optoelectronics — Fiber Optic Applications Manual”



Practical design of FPS Feedback Control
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FPS Multi-output Flyback Schematic
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OUTLINE - SMPS Feedback Control

1. Control Loop Elements
+ Controller
+  Feedback Amplifier
2. DClseolation Amplifier Operation
« DC Gain Analysis
+  AC Frequency Analysis
3. Error Amplifier Operation
« DC Gain analysis
« AC Response
4. Open & Closed Loop Measurement
+  Technigues
+ Results
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Current mode converter — FPS- KASM10365

Switching converter
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FPS - How does it work?

A walk around the loop
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SMPS Feedback Amplifier

SEsOr
2aimn

I
D EAIRSHILD
N ]

|
|
Feedback I
Impedance |
It
Impedance I
Lo Powver |
\D-’(n:rtggepm § lsolation [— Modulstion g ——d
Adiustment J_ Amplifier Circuitry IJ_
Reference 1= —
Woltage |

Feedback Amplifier includes DC Izalation Amplifier, and the Yaltage Errar amplifier.
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How does it work?
A walk around the Feedback loop
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KASM0365 DC Feedback Control
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These represent the DC transfer curves for the KASMOZES when the supply iz providing a constant 5 volt output.
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Feedback Voltage vs Control Current
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Optical Coupled Precision Voltage Reference
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Feedhack Amplifier
FOD2741 Composition

DC Isolation Amplifier
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Errar Amplifier
The FOD274172 consists of adjustable precizion zener diode and a phototransistor optocoupler. Typical
Current gain , CTR, iz B0% for an IF =1mA, and Yoe = 0.5,

The device offers a 2.5% +- 1% bandgap reference, a 60dB (OLG) 1 MHZIEWYWP) differential amplifier.
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Feedback Amplifier Interconnection
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The rezistor and capactor values shown are used though out the follcwing analysis.
Theze are uzed in the demo board supparting the KASMOSES

R4 3K
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Stability
— Gain Margin, Phase Margin and band width

Gain Margin

5ain iz changed according to the variation of circuit components
Felated to robustness against gain variation
Fhase Margin

Felated to the damping of the system.

Low PM causes oscillatory transient response
Bandwidth

Felated to the speed of transient response
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Stability — Desired loop gain characteristics
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Feedback Amplifier Types

Each of these amplifier types offer different levels of Phase boast in the
Feedback amplifier. Increasing the phase and gain margin is the key task of
the feedback amplifiers compensation function

Type 1 Single Pole — No phase boast
Type 2 Two poles, 1 zero Up to 90 degrees

Type 3 Two Poles, 2zeros Upto 180 degrees
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Type 1 Compensation Circuit

Phase shift =90 degrees
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Type 2 Gain and Phase Boast

G(f) = 20 mg[ (R2=(f)C1+ 1) l
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Type 3 Schematic
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DC Isolation Amplifier

The feedhack voltage , W, is found at the node
composed ofthe input of the contraller, the
phototransistor's collector, and the low pass filter
(R4 and C2. The KASMO365 offers an intemal
current source, lhias, measured to be GO0 UA This
iz used to develop the control voltage YW, The
nodal equation is:

0= lhias - lce - 122

[ce is the phototransistors collector emitter
current

(727 is the current through the parallel
combination of R4 and C2.

sif) = jro= j2af.
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DC Isolation Amplifier

The feedhack voltage |V, is found at the node composed of the input of the
contraller, the phototransistor's collector, and the low pass filter (R4 and C21.The
FASMO3ES offers an intemal current source, lhias, | measured to he 600 A, This
is used to develop the control voltage Wk, The nodal equation is:

0= lhias - lce - 12
Ice is the photransistor collector emitter current
[EZ2 iz the current throught the parallel combination of R4 and C2.

R4
Z2(f) = . Z2f) =
[ EGETIR
R4
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DC Isolation amplifier Gain And Phase Response
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Optocoupler’'s Temperature Performance

The DC izolation amplifier includes an Infrared LED and an MPRN phototransistor

1D

The light output of the LED is temperature dependert | it has a negative

temperature coefficient of approximately —1%02. Thus as the junction temperature increases

the light output will be reduced. The Feedback Amplifier cortrol loop compensates for this drop by

increaszing the LED current to force the output photatransistor to sink the required Ice to keep the DC autput level
| Wo, corstant.

The photatransistor gain is alzo temperature dependant. However in the FPS system the device is driven at a
Iy collector emitter voltage ([ Yoe = 0310 1Y) |, and small collector current 1ce . Under this condition the transistor's gain
varistion iz alzo compensated by the operation of the Feedback amplifier.

DC gain varigtion of the DC [zolation Amplitier is insured by adding an additional & dB gain margin to the feedback oop.
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DC Isolation Amplifier

Phototransistor Transfer Family
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Low Current Characteristic of FOD274X

Q-point : Ige = 570ud, Vg = 0.493, I = 860U, CTR.; = 66%

f = Ims
= 075mA

lp= 05ma

lp= 025ma

lpg— Collector Emitter Current - ma
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Frequency and Phase Response of the
FOD274X’s Phototransistor
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Error Amplifier Operation

12

RE R3 @

i 0.5

RS
Wref

The errar consists of the operational amplifier, & compensation network B2 and C1, the voltage reference,
voltage divider uzed to et the supply voltage [ R1 & RS) |, and the coupler current gain setting resiztor B3,
The resistor RE functions as & zener hias source.

The circuit evalusted was set for & operational voltage of 5. Given that the reference iz 5V, R1 = RS.
The precize resistor values are determined from the compensation design process.

The LED current | IF, iz determined by the errar amplifier output voltage | Weomp, divided by B3,

The error amplifier affers a lovw frequency 180 degree phase shift, Thus as the supply voltage sags under load
The Ycomp rizes, resulting in & reduction in LED current . & reduction in LED current causes a lower phototransistor lce.
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Error Amplifier Gain and Phase
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Feedback Amplifier response

1.Feedback Amplifier Gain woomp is the output of the error amplifier

Yo iz output voltage of the powser supply and
z w7 : .
Veomp( D) = - ﬂ f] 0 the input to the errar amplifier
R1

_(RZs(f) Cl+1)

Zff) =RZ+ 26
s(f)-1 (a(f)-C1)
R2z(fiCl+1
Voot — SEHCI Yeoomp. _-I:RES[:ij]."'].:]
—E(f':] = fj =
Vo Rl Vo (s(B-(CLRIY)
2.LED current,IF
IF(£) :=‘ifcumﬂf!
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Feedback Amplifier Response-
Error Amplifier and DC Isolation Amplifier

LED Current as a function of the Error Amplifier output signal

IR £ = - Fs(f) Cl+ 1o
(st f(CLEIRIN)

Load netwark of the DS isolation Amplifier
R4
Zdf) s——
40 (a(f).CAR4 1)
Feedback Yaltage at the output of the DS Isalation Amplifier
Vb= (b= CTRAEN).Z20) CTR=n

Final transfer function of the Feedback Amplifier

::fb = [E_CTP -(Ra3s(f1C 1+ 1) ] R4 ]
o (E DT RIRS ) ] (s(f)-CaR A 1)
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Calculated Feedback Amp Frequency Response
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Calculated Phase Response — Feedback Amplifier
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Open Loop Gain Signal Injection
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KASMO0365 — Open Loop Response
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Loop Gain Analysis Test Circuit
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KASMO0365 —Loop Gain Response
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Join Fairchild for the Entire Power Seminar Webcast
Series

Topic Broadcast Date
Flyhack Converters — .

Fairchild Power Switch Archived
Practical Aspects of January 22, 2004
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Power Factor Correction January 29, 2004

DC-DC Solutions {Control) February 3, 2004

High-Voltage Discrete February 12, 2004
Technology
DC-DC Solutions February 19, 2004
(MOSFETs)
Motor Solutions February 26, 2004

Register at: http://www.fairchildsemi.com/power/pwrsemwebcastl3.html
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