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Application Note 44b
Type lll Stability Program for the MIC2168/69

Stability Analysis for the MIC2168/69
Voltage Mode Converter Using a Type lll
Transconductance Error Amplifier

The MIC2169 is a high efficiency, simple to use synchronous
buck controller IC, housed in a 10-pin MSOP package. The
MIC2169 switches at 500kHz and features a high output
driver capability foran all N-channel synchronous architecture.
The MIC2169 operates from a 3V to 13.2V input and can be
configured to generate output voltages as low as 0.8V. Thus,
the MIC2169 is a voltage mode converter with an internal
transconductance error amplifier.

This application note addresses stability analysis for the
MIC2169 voltage mode controller based on Dean Venable’s
K'-factor method. The following analysis is based on a Type
[l error amplifier scheme and calculates the compensation
resistor and capacitors for the MIC2169 controller, see Figure
1. Type lll error amplifier compensation scheme does not rely
on the output capacitor ESR to produce a Zero in the power
path (input to output transfer function) and therefore, allows
low ESR output capacitor such as Ceramic. For additional
information on this subject, consult Reference 2.

Type lll compensation analysis is done in MathCad which
gives the user the flexibility to enter the output capacitance
value and ESR; inductor’s value and its DCR to match the
actual values used on a specific MIC2169 application. This
program not only calculates the Compensation values but
also provides insight on how the values affect the overall
open-loop response. It also has the power-path and error-
amplifier transfer functions that show the location of poles
and zeros. The MathCad file can be downloaded from Micrel
Semiconductor’s website (URL:www.micrel.com/xyz/typelll.
mcd). This program can be modified to any fit any voltage
mode controller with a transconductance error amplifier by

simply changing the gm (error amplifier gain) and the peak
magnitude of the voltage ramp signal value.

The following values have to be entered in the program
before it calculates the Compensation resistors, R1, R2 and
capacitors C1, C2 and C3, see Figure 1:

1. VIN

-Vour
. Cout

-Cout Esr
. Inductor Value

. DCR of inductor + Rpgoy Of upper MOSFET
. Crossover Frequency (normally 50kHz)

8. Required Phase Margin (normally 45°-60°)
After entering the above values, the program calculates the
Compensation values and displays the power-path gain and
phase, error amplifier gain and phase and total open loop
response gain and phase for the circuit. The program will

also display the crossover frequency and phase margin for
the calculated Compensation values.
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Figure 1. Type Ill Error Amplifier Scheme
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L:=1uH Enter inductor value.
C :=700uF Enter output capacitance value.
ESR :=0.005Q Enter capacitance ESR value.
DCR :=0.009Q Enter inductor DCR + top MOSFET'’s Rpgg,,-
fosr = 2><TC><; x ESR
ESR zero.

f, := 150 x kHz Select 100kHz plus as crossover frequency.
¢y =55 Enter desired phase margin.
VN =12V Enter input voltage.
Vout := 3.3V Enter your desired output voltage; check page 5 to see if this is achievable.
D: = VOJ

Vin

Reference voltage = 0.8V

G,:=20 xlog(( ) G ( =-12308
(WVour )

out Feedback divider attenuation.

Vv
G :=20xlo [ﬂ)
m g Vv
G,, = 21.584

( ! +ESR)
s xC

+ESR )

Modulator gain.

O

(DCR +sxL+

s X Power path transfer function.

G o (1+ESR ><s><C)
(5] (DCR x's xC + 52 x L xC +1+ESR x5 x|

Power path transfer function simplified.
Transfer function used for plotting gain curve in dB.

[ 2
G(f):=GS+Gm+20x|og[\1+(ESR xszxnxf)2}-20x|ogM1-(2xnxf)2xLxc] +[2xmxfxCx(ESR +DCR) ]2

0 ____Gam Curve for G(s)

230 | |

GAIN (dB)

-100 LLLU .
1 10 100 1x10° 1x10* 1x10
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Mag := G(f,) Mag is the amplitude of gain required at crossover from the error amplifier.

Mag = —35.836

Phase Denominator- due to the LC of the output stage.

2xmxfxCx(ESR +DCR)
1—(2><7t><f)2><LxC‘

57.3 x atan if[(anxf)zxLxC]<1

2xmuxfxC ><(ESR +DCR)

[1—(2xnxf)2xL ><CH

Phase Numerator- due to the ESR of the output capacitor.
¢1(f) ;== 57.3 x atan(2 x m x f x ESR x C)
otot(f) := ¢1(f) — ¢(f)

¢(f) : =] 180 - 57.3 x atan if[(waxf)zxLxC]>1

90 otherwise

Phase Curve for G(s)
™

-50

-100 et

PHASE (Deg)

-150

-200
100 1x10° 1x10° 1x10° 1x10°
FREQUENCY

9y := 0.001 x o1 Transconductance gain.

0

C

()
:=180 - 57.3atan L— 0, =106.859

esr

K-Factor Method

Pghitt -= 360 — ¢, Pghit = 305
IDerrorpermit;ed = IDshift - 6Ic I:)errorpermitted =198.141
450 - Perrorpermitted T
Kfac::tanL 2 X@) K fac =1.96 K: =Kfac
fc 4
Fi=—~ F ,=7.654 x107Hz
K Zero location.
Fp =1 xK Fp =2.939 x 10° Hz Pole location.
Mag = —35.836
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F
Rtop Py
Rbottom  F,
ve
Rtop := 10kQ
Rbottom: = Rtﬂ
F
P
F

Rbottom := Rbottom —100 x Q

R
\Y :=0.8V x (1 +
OUT_MIN Rb

You have to impose this condition for ensuring +ve transfer function, otherwise will get -
value for R3- see type3_new for more information.

Rt := Rtop

Rb := Rbottom Rb = 3.421 x 103Q

Absolute min output voltage for this scenario is:

Vour i = 3139V

-1
V
Rb:=(%—1} <Rt

Rb = 3.2 x 103Q
Rt =1 x 104Q
Req = 2.549 x 103Q

This is the Vo1 wn that is possible to achieve type Ill compensation.

Req: =Rb x
Rb +Rt

Bottom feedback resistor.
Top feedback resistor.
Parallel equivalent resistance for Rt ad Rb.

((£)
nmag: = [Mag| - 20 x IoguF—U nmag =29.993
z
nmag
20
R1: = 10
9m
T ——
2xnF, xR R1=3.16 x 10%Q Compensation resistor.
C1=6.581x 10~"F Compensation capacitor.
R )
X TTp X C2=1.714 x 10-"1F Compensation capacitor.
If VOUT MmN Vout >’Not Possible”,”**Possible***”,( ) “***Possible***"= Stop!!!!
If you are getting a “Not Possible” message, otherwise continue. You will get a
Rt2 +Rb xRt x { ';pJ negative resistor value for R3!!!! Call Micrel factory for support.
R3: = [F 3
(Rb +Rt) -1 , .
L ) R3 =243.108Q Compensation resistor.
3 = !

2xmx (Rt +R3)xF,

C3=2.03x10"10F Compensation capacitor.

Error amplifier transfer function.

(1+R1 xS x CT)Rb[1+ (Rt +R3) xS x (3]

C1xC2 xS
W) x(Rb +Rt) x[1+5 x 3 x (Req +R3)]

E(z)=9,,
X(C1+C2)X(1+R1x

Application Note 44b 4 June 2005



Application Note 44b Micrel, Inc.

I [ \“ 2 {
20 xlog{(mg_‘r—mcz)}+20 xlog{\ﬁ-i—(Z x T x fxR1 ><C1) 2}— 20 xlog{\1+(2 x T x fxR1 x E?:CC;) :|—20 xlog{\;‘(z xnxf)z}
Error (f):= }
+20 x log \/1+[(Rt +R3)xC3 x2x7 xf]z}— 20 xlog{\H-[[Z x 7 xfx(Req +R3) ><C3] ZH
100 ____Error Amplifier Gain
| N il
g \
z 50 H [
5 N
oLl
100 1x10° 1x10* 1x10° 1x10° 1x10’
FREQUENCY
(atan(anxfxm x C) —atan(2X7t><f><R1 xCl XC2)—atan(2xnxf)j
ErPhase (f):=57.3 x c1+Q2
+atan[(Rt +R3) xC3 x 2 x 7t><f] - atan[[z xnxfx(Req +R3) ><C3] ]

ErPhase1(f) := ErPhase(f) — 180

Error Amplifier Phase

W‘\

o -50
8 i
u jlilg
4 il
£ -100

-150

100 1x10° 1x10* 1x10° 1x10°
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Total open loop.
CI(f) := G(f) + Error(f)
Clphase(f) := ErPhase(f) + ¢tot(f)

Total Open Loop Gain

100
\\\
\\_‘-\
. 50 N\
m
k=)
z N\
< N
(O] ™
0 ~
\\
-50
100 1x10° 1x10° 1x10° 1x10°
FREQUENCY
50 Total Open Loop Phase
-100 |4l ™ H
>
w -150 [ L]
(2]
<
I
o
-200 {4 7! [ 1]
-25

oL Ll
10 100 1x10° 1x10*1x10° 1x10°
FREQUENCY

R1=3.16 x 10%Q
C1=6.581 x 10~"1F
C2=1714 x 10°1F
R3 = 243.108Q
C3=2.03x 10" 10F
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