Design of a Feedback Amplifier from the Modulator Transfer Function

Once you have measured (or modeled) the modulator transfer function, you can have

the Venable System software design the compensation amplifier for your desired loop.

Here are the steps:

1. With the modulator (also called plantor %7 -
control-to-output) transfer function -
displayed as a gain-phase graph and
selected, click the Slide Bar icon or
right-click anywhere on the open graph =
and click “Add Slide Bar”. Note that
data is “selected” by clicking anywhere . - o _—
on either curve of the data set or )
pressing the right- or left-arrow keys to
toggle through the various data sets
displayed. Also note that the Slide Bar
option is not available if more than one

data set is selected since the Slide Bar is keyed to a particular data set.

2.  When the Slide Bar is added to the
modulator transfer function data set, T —
click and hold it with the left mouse
button then move it to the desired loop
bandwidth. In choosing loop =
bandwidth, remember that the o B3 INAT
response time of a system to a . =S
transient is approximately the reciprocal '
of the loop bandwidth. Also remember
that the theoretical bandwidth limit of a
switching or sampled data system is
half the switching or sampled data rate.

As a practical matter, even though it is theoretically possible to cross the feedback

loop over at half the switching or sampling frequency, a more achievable number

will be in the range of 10-20% of the switching
or sampling frequency.

3. After choosing the desired loop bandwidth and
moving the Slide Bar to that frequency, note
that the text box associated with the slide bar
has a button labeled “Import To”. Click that
button. This will open the “Error Amplifier
Synthesis and Circuit Analysis Menu” window
and transfer the loop crossover frequency to
that window together with the modulator gain
and phase measurements at that frequency.
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4. In the Error Amplifier Synthesis and Circuit Analysis Menu window there are a
number of choices to make:

a) Phase margin — Choose a value between 45 and 72 degrees. We recommend 60
degrees as a good starting point.

b) Maximum circuit complexity — Type 1 is a simple integrator, type 2 has a single
zero-pole pair, and type 3 has two zero-pole pair. If the modulator transfer function
is flat at the chosen crossover frequency, choose type 1. If the modulator transfer

Vin vref Tef C1 Vin Vref c1

% N g Lol
o ion

Type 1 Type 2 Type 3

function is falling at a -20 dB/decade slope at the chosen crossover frequency,
choose type 2. If the modulator transfer function is falling at a -40 dB/decade slope
at the chosen crossover frequency, choose type 3. An error message box on the
next (Component Values) tab will tell you if you chose an unachievable
combination.

c) “Circuit is Inverting” check box — Uncheck this box if the modulator inverts (output
is 180 degrees out of phase with the input) at low frequency. Leave it checked if
the modulator output is in phase with the input at low frequency. If the gain is flat
at low frequency (it should be), the circuit will be either inverting or non-inverting. It
will not have some in-between phase value if the test was performed correctly.
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d) Amplifier Topology — Regular is a conventional low output impedance amplifier
where the feedback compensation components are connected from error amplifier
output to inverting input. Transconductance is a high output impedance amplifier
where the feedback compensation components are connected from error amplifier
output to signal ground.
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Input Resistor (R1) — this is the value of the resistor, which connects from the
modulator output to the error amplifier input. All feedback compensation
components scale from this resistor. If you want some other component in the
compensation network to have a particular value instead, choose a round number
like 1k for R1 and note the value of the component you want controlled. Then
change the value of R1 to make the other component come out the value you want.
All resistor values will be directly proportional to R1. All capacitor values will be
inversely proportional to R1.

Input Voltage — this is the output voltage of the modulator or plant (which becomes
the input voltage of the compensation amplifier).

Reference Voltage — this is the value of the reference voltage used to control the
output of the modulator. It could be a temperature-compensated zener diode, the
reference pin of a control integrated circuit, or an external reference or control
voltage.

Common Mode Voltage — this is the voltage at the inputs of the compensation
amplifier. Both the inverting and non-inverting inputs of the amplifier will be at the
same voltage if the circuit is operating properly. The synthesis program will
determine the proper value of the resistive divider string from Reference Voltage to
the amplifier inputs so that the DC resistance driving each amplifier input is the
same. This is necessary for best amplifier performance.

The only other entry is the error amplifier internal characteristics. Gain and
bandwidth come from the data sheet. If you do not know the amplifier output
impedance, use 1k. For transconductance amplifiers the gain, bandwidth, and
transconductance are specified on the data sheet.

After you have entered in all the design values and choices, if you want to save the
values for later use click the “Save Design File” button and you will be prompted for
a file name and location. If not, go ahead and click the “Compute Component
Values” button. This will send you to the next (Component Values) tab with the
error amplifier compensation component values calculated already.
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At the Component Values tab, o PN Syt b v v Ao Wt >
first check the “Error messages” | tooesn Comonent vaes | rout 4 Hodel | Craut Ansyss | Frequency (40) Dat |

text box to see if anything needs Prrt Schemtic e
fixing. If not, choose the or e

preferred tolerances for R [Bk o  © IQS"—F p=
components in your company, v ?Z: - ,'w:i .
then click the “Round off A5 [5k  omms G  F - T
Component Values” button to . et
round off the values to the _
nearest standard value for the e Fraseioes [T s 07 % N
specified tolerance. We do not e e ,? s o
use the tolerance in e Secmdpetact ISR 1
calculations, so you can enter a Capactor Tolerances: % [ .
larger tolerance if you want

more standard values even though you plan to use a closer tolerance part in the
final design. For example, you may prefer to have the system choose a 1k resistor
instead of 910 ohms, so you can choose 10% or 20% tolerance instead of 5%
which might give you a value like 910 ohms. The information boxes in the lower
right quadrant of the window tell you where the poles and zeros of the amplifier
transfer function will be. You can also change any particular component value if a
similar value is more readily available and the new pole-zero locations will be
calculated and displayed so you can judge the impact of the change on overall loop
performance. Once the component values satisfy your criteria, click on the “Make
CKT model from component values” button.

Thls Wl” Send yOU to the Error Amplifier Synthesis and Circuit Analysis I
& C I rcu It (C KT) M Od e | » ta b Loop Design Component Values Circuit (CKT) Model Circuit Analysis Frequency (AC) Analysis

. . default.CKT
and display a SPICE-like net  oearric| seecrre T
I|St Of the mOdel Of the Format: Line Number{opt) Component (R.C.L.V.Ior G) NodeFrom NodeTo Value-Multiplier{k,m,u etc) {opt)

= type 3 Amplifier, transconductance topology
=inverting, crossover at 1e+04 Hz

compensation amplifier. See |:s=rmeri

001
101

the schematics and models R 2 oon

R6 3 0 3300
R4 0 4 1500

below for reference. This net |ms:o

C1 20 1.5e-09
R2 2 5 1800

list can be edited. &5 5 seece

C3 13 1.8e-08
C0 2 0 3.66056e-10

Components can be added 1 asoo0s
or removed or their types,

values or connections
changed. The one thing that
cannot be done is that a
node cannot be removed
(skipped in the node number
sequence). Node numbers must be sequential starting with zero (ground). If you
change a circuit enough to remove a node, simply connect a resistor from the node
to ground. It will not have any effect on the circuit and the analysis will still run
properly. When you are happy with the net list, click the “Go to Circuit Analysis
Tab” button and you will be sent to the next (Circuit Analysis) tab.

Copyright (C) Venable Instruments 2018 All Rights Reserved



The figures below represent the amplifier schematics and models. The node numbers
and component reference designators are correct. The schematics and models differ
slightly for transconductance amplifiers, non-inverting amplifiers, and amplifiers where

the input voltage and reference voltage have different polarities.
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10.
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The Circuit Analysis tab is e Ao Sy s Carast e n B
Where yOU Set Up the LoopDesign  Comporent Values  Circuit (CKT) Model  Circuit Analysis  Frequency (AC) Analysis
parameters of the AC analysis

of the net list. Choose the

maximum and minimum Compute AC anslys from O

frequency for the analysis

sweep, the node numbers you

want to save data for (you can Ma Fraquencyhi)

save all of them if you want wo DU T

to), whether you want a log or LonSneep Guepspecade)

linear sweep and what the D B .

resolution of the sweep is, and D0 Phace

finally whether or not you want

to activate the feature we

formerly called “Max Delta

Gain/Max Delta Phase”. This

feature measures the change in gain and phase from one analysis point to the next,
and if the gain or phase change on any node is greater than the amount specified,
will cut the frequency step size in half and try again. This can happen a maximum of
5 times (steps/decade x 32) up to a maximum resolution of 2000 steps/decade.

When the parameters of the

Error Amplifier Synthesis and Circuit Analysis u

analySIS are Set to your Loop Design Component Values Circuit (CKT) Mode! Circuiit Analysis Frequency (AC) Analysis
requirements, click the button =~ &

Open AC File Save AC File Flot

labeled “Compute AC analysis Format: Frequency(Hz) Channel  Voltage(y) Voltage(ds) Phase(deq)
from CKT". This will take you ‘i

=Freguency (Hz) Channel or Node Voltage (volts) Voltsge (dB)  Phase (Deg)
1.000000e+01 1 1.000000e+00 -3.430631e-07 -0.0004

to the flnal tab, “Frequency 1.000000=+01 0099802201 -1.717923=-04 -0.3604

1.258925e+01 9,999999e-01 -5.437058e-07 -0.0005

(AC) Data”. A brief description === Somensti Seiceedy Do

1.584893e+01
1.995262e+01

of the origin of the data will be  rzs=w:

2.511886e+01

at the top of the text display in L

9.999999e-01 -8.616840e-07 -0.0006
9,999503e-01 -4,315098e-04 -0.5711
9.999998e-01 -1.365598e-06 -0.0007
9.999213e-01 -6.838770e-04 -0.7190
9.999998e-01 -2,164128e-06 -0.0009
9.998752e-01 -1.083822e-03 -0.9051
9.999996e-01 -3.429411e-06 -0.0011
9.998023e-01 -1.717617e-03 -1.1394

. . . * . 3.981072e+01 9.999994e-01 -5.433995e-06 -0.0014
3.981072e+01 9.996867e-01 -2.721925e-03 -1.4343

IlneS Startlng Wlth (aSterISk)' 5.011872e+01 9.999990:-01 -B‘EDEHSDZ-CIE -0.0018
. . 5.011872e+01 9.995036e-01 -4.313170e-03 -1.8055
Following the comment lines, e St trans Sk

7.943282e+01

the data will be displayed in e

1.000000e+02

Venable Standard Format e

9.999975e-01 -2.159283e-05 -0.0029
9.987544e-01 -1.082607e-02 -2.8601
9.999961e-01 -3.417262e-05 -0.0036
9.980280e-01 -1.714568e-02 -3.5989
9.999938e-01 -5.403555e-05 -0.0045
9.968799e-01 -2.714278e-02 -4.5272

. . 1.584893e+02 9.999902e-01 -8.532993e-05 -0.0056
which is 5 columns: 15352600102 5359855001 1.54-6580-04 .0071

R R R R R b R R R b R R R e R R R

1.995262e+02 9.922178e-01 -6.786015e-02 -7.1527
2.511886e+02 9.999757e-01 -2.112006e-04 -0.0088

Frequency, Node number, 2 Shissccro 3 e .
Voltage (volts), Voltage (dB),
and Phase (degrees). There will be a row for each node selected at each frequency.

From the “Frequency (AC) Data” tab, click the “Import into Graph” button. If you
have followed the steps up to here, a gain-phase graph of the modulator transfer
function is already displayed and the data set properties sub-window, at the bottom
of the plot, will display the channel ratio and scale factor. The default values are the
ratio of CH2/CH1, and 1. You can also change the line style, line width, and line
color of any of the selected plotted data here.

Copyright (C) Venable Instruments 2018 All Rights Reserved



11. After closing the
Synthesis menu, you
will see the graph with
the amplifier transfer
function gain and
phase superimposed
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on the original

modulator transfer
function. At the desired
loop crossover
frequency, the amplifier
gain should be as far
above (or below) the 0
dB gain axis as the
modulator gain is below

(or above).
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