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Based on this unity-return system, we can write:
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In this expression, the input voltage and the output current are perturbations rejected by the system. The feedback
actually enforces the ability of the open-loop converter to reject these perturbations. We can write:

7 (S) = M , . 1
ouct \S) =7 (S) Where Z, , ¢, is the closed-loop output impedance and S(s) - =
y ot Agc o represents the closed-loop audio susceptibility or 1+T;, (s)
Asc e (S) — power supply rejection ratio (PSRR). is the sensitivity function.
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By measuring either the output impedance or the PSRR, we have a means to determine the open-loop gain T(s):
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However, measuring the input voltage rejection in a high-gain system may be a perilous exercise considering the small
amplitude collected on the power supply output. Measuring the open- and closed-loop output impedance is the way

to go. Two measurements are required:
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R. D. Middlebrook, Measurement of Loop Gain in Feedback Systems, International Journal of Electronics, vol. 38, no. 4, pp. 485-512 (1975)



Measuring the output impedance in closed-loop condition requires care and the adequate injection circuit. Also, one
possible issue is to bring open-loop operation of the converter. The principle to make this happen is to force the error
amplifier to rail up: once saturated, it can no longer react to the output stimulus and the converter runs in open-loop
conditions. Unfortunately, many controllers host a protection circuitry which stops operations when the loop is lost. A
way to overcome this is to disable the protection scheme when some dedicated pins are available. Also, some
converters such as the flyback converter offer, in current-mode control, an open-loop output impedance equal to the
load resistance paralleled with the output capacitor. Turning off the converter for measuring Z_, is thus the way to go
for Z,. o.- Each converter will thus require some study to determine the correct output impedance configuration for

open-loop measurements. Sufficiently large to

perturb the voltage
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R. Ridley, Output Impedance Measurements and Loop Gains, article [57], https://ridleyengineering.com/



Reconstructing the loop gain from the equation
requires the manipulation of complex numbers:

Zout,OL = xOL + ]yOL Zout,CL = xCL + ]yCL

‘Zout,OL - Zout,CL‘ = \/(xOL X )2 + (yOL — Vo )2
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N. Tsukiji, Y. Kobori, H. Kobayashi, Derivation of Loop Gain from Output Impedances in DC-DC Buck Converter, Web download



In case magnitude and phase curves are only available, you’ll have to reconstruct the imaginary points:

2| = y/x* + 7

Ly
X

zZ=x+jy
Zz =tan

First, convert the magnitude expressed in dB into an uncompressed value:

Gyp 45

G=102 IfGis45dBthenGis: G =102 =177.82

G =25 dB
l

Gy = 1020 =17.783 z:=-95°

Using the trigonometric form, we can obtain x and y easily: rcos(s) - 155
X= 2'COS z) =—1.

z= G(COS¢+jSin ¢) =x+jy y :=Gysin(z) = -17.715

aan2(xy) =-95°  atan2 accounts for x and y signs

\] x2 + y2 =17.783

x=G-cos(p) y=G-sin(p)

in which @is the phase delivered by the analyzer

tan '(y/x), x>0, (right half-plane),
tan '(y/x)+ 7, x<0, (left half-plane),
arg(x - jy) =4 /2, x=0,y >0, (+ j-axis),
/2, x=0,y <0, (- j-axis),

undefined, x=0,y=0, (origin).
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You need to place two specific probes to
extract the real and imaginary parts.
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Once the simulation is complete, you have to export the real and imaginary
data in a text file located in the same directory as the future Mathcad file.
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10 .162486928706954358859 —0.012316261141715344543 0.936329380791347976043 10.232929922807540989993 0.0002686604017431695941 0.0002135956844180896157
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10.327614057613974551941 —0.012516305570303481662 0.9363237908215588101157 10.399201658290591510081 0.0002730257362944226037 0.0002136194484819717635
10 .351421666793438447485 —0.012545147154455237059 0.9363229774483351475212 10.423174293933040956972 0.0002736551189379318044 0.0002136228830701009389
10.3752841568180127391802 —0.012574055145770519568 0.9363221603222496858265 10.447202192207999615903 0.0002742659524119724019 0.0002136263335112689938
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10 423174293933040956972 —0.012632070960371237847 0.9363205147421812535313 10.495424286523222789924 0.0002755519852361117345 0.0002136332822465265987
10.447202192207999615903 —0.01266117908376728719 0.9363196862533436082288 10.519618738232228594143 0.0002761871912977253854 0.0002136367806880625484
10.471285480508996101889 —0.012690354238549061625 0.93621868539419261546826 10.543868963912588654352 0.0002768238616129391877 0.0002136402952773551597
10.495424286523222789924  -0.012719596560645656316  0.9363180177903068779344 10.568175092136584680702  0.000277461999556874938 0.00021364382608328363
10 .519618738232228594143 —0.012748906210336951803 0.936317177780769505091 10.592537251772888851065 0.0002781016085124350472 0.0002136473731986330985
10 543868963912588654352 —0.012778283342254637481 0.9363163338955239334283 10.616955571987245932064 0.00027874269168703164182 0.0002136509366806485879
10 568175092136584680702 —0 012807728111382732025 0 936315486116692796692 10.641430182243160729172 0.0002793852530290311543 0.0002136545166107591334
10.5925372517728868851065 —0.012837240673058672794 0.9363146344263210130165 10.665961212302580207734 0.0002800292953349220631 0.0002136581130650842114
10.616955571987245932064 —0.012866821182973896959 0.9363137788063716770992 10.690548792226579166709 0.0002806748223821839612 0.0002136617261197764749
10.641420182243160729172 —0.01289646979717465336 0.936212919238714180814 10.715193052376063675979 0.0002813218374128764678 0.0002136653558515640985
10.665961212302580207734 —0.012926186672062928845 0.9362120557051517467428 10.739894123412447868304 0.0002819703439169498629 0.0002136690023372018468
10 .690548792226579166709 —0.012955971964396947871 0.9363111881873869002391 10.764652136298349494847 0.0002826203453322559834 0.0002136726656542093077
10.715193052376063675979  —-0.012985825831292329563  0.9363103166670465604682 10.783467222238200062481 0, 00028327184510456904 0.000214676:450803207916
10.739894123412447868304  —0.013015748430222613338 0.9363094411256721594228 10.814339512979380231172  0.0002839248466876068675  0.0002136800430933404472
10.764652136298348494847 —0.013045739919020169634 0.9363085615447188647664 10.839269140212035580362 0.0002845793535430426882 0.000213683757372010939
10.789467222298288362481 —0.01307580045587699441 0.9362076779055585774358 10.864256236170655611772 0.0002852353691405315125 0.0002136874887947626971
10.814339512979380231172 —0.013105930199345494983 0.9363067901894728262135 10.889300933334332910363 0.0002858928969577199507 0.0002136912374409576402
10.839269140212035580362 —0.013136129308339235949 0.9362058983776635368912 10.914403364487565539775 0.0002865519404802724509 0.0002136950033901486147
10.864256236170655611772 —0.013166397942133834312 0.93632050024512380442587 10.939563662720939163364 0.0002872125032018838756 0.00021369876867218767849
10.889300933334332910363  -0.013196736260367693261  0.9363041023912238580706 10.9647819614310500214272 (0, 000287874580624301752 D.-O00213702307 5167687637
10.914403364487565539775 —0.013227144423042914642 0.9363031981785583379718 10.990058394325210144871 0.0002885382002573432273 0.0002137064058549844703
10,939563662720939163364 -0.013257622590525885292 0.9363022897940853628285 11.015393095414150792521 0.0002892033416189116282 0.0002137102418179301776
10 964781961431850021427 —0.01328817092354836818 0.9363013772185719840735 11.040786199020731217502 0.0002898700162350210463 0.0002137140954867593363
10.990058394325210144871 ~0.013318789583208215377 0.9363004604326903290712 11.066237839776661644464 0.0002905382276338089285 0.0002137179669432395486
11.015393095414150792521  —0.013349478730969874599 0.9362995394170183333849 11.091788150624010253015  /0.0002712073733755576276  0.0002137216562622703107
0
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Z o1, = READPRN"Complex Zout OL.txt")

This makes Mathcad read the .TXT files
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In this compensated buck, extract the power stage ! x1
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R =
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Now run the complete buck converter and — 333m 1
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TXT file to later import them in Mathcad
as previously done.
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