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Using the Improved CCM Small-Signal Model to Predict the Loop
Stability of UCC289X Active Clamp Forward Converter

Richard Yang China Power FAE

ABSTRACT

In this paper, the improved small-signal model with peak current mode (PCM) control for
the active-clamp forward converter under continuous inductor current condition is used to
predict the practical loop stability for the UCC289X application. To verify the validation of
the calculation result, with the practical measurement based on the UCC2897 EVM
prototype, the UCC2897A simulation model is also established to have the further
verification. It is shown that the calculation result based on the improved small-signal
model could also have the precise prediction on the practical loop stability measurement.
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Introduction

As the reliability evaluation of the power supply has continued to develop, the loop stability test
requirement with the specific loop analysis instrument has become the only necessary way
currently. However, engineers normally spend much time debugging the loop stability function in
practical development process. For example, with the active clamp converter, the loop stability
issue is always encountered due to the difficulty of making a good balance between large signal
load dynamic and small signal loop stability, especially for the peak current control mode. The
MOS voltage stress has the great effect regarding the optimization of large signal load dynamic.
To make a good optimization, engineers normally spend much time doing repeated loop stability
debugging.

Although there is dispute that the calculation is not to be applied to the practical measurement
due to its inaccurate small-signal model, this may be resolved if the accurate small-signal model
can be determined.

This paper is designed to establish such a calculation platform to verify the loop stability based
on the improved CCM small-signal model for the active-clamp forward converter used in
UCC289X applications. The practical EVM verification example is shown in Figure 1, and much
comparison data are provided in this paper. Finally, it is proved that the loop stability calculation
is highly useful for the practical design and debugging during development if the UCC289X
application is used.

Using the Improved CCM Small-Signal Model to Predict the Loop Stability of
UCC289X Active Clamp Forward Converter 3



% TEXAS
INSTRUMENTS

SLUAG72

5TaND ar

wr

7 gr

HeatE
MEB ¥ L
azu = . CLu
T 1
Az L . s — L
= o AnTZ > 951 e
LZH = I_lkues. LHS in wzw i b m'm.s = =7
I_l e q 963
478 L ara i Fa0 sl
T T ™ I3
dpez 1L _L suze LED na e 1)
7 s T sa — ﬂlmm\:ﬂ cm, M
3 g [
= vElve T okl INAS
T weez L oo syer www e g HEYE =
P 3 SHLl's SO0 30U [TE
1 =zzy e oo a7
2z | FOPNINN T
— 18 n D\Ziﬂ
_+ 2N NN
= VLERZOON
G L "
+& LEEErIS e e
e . = 00Ad 4+ 00Ad HE BT
o e Pt
s b 1
[ 1t 2y o
=y
Ly [ — X £
wr I ML
sdeper L L ALG ]
nsT [ L L areu H laathW —1 L
\ HE) voud | g "
- L] TN
.—«wnw.«._biﬂ = Heaz ta
L] -
AQ | = LYGIVE  1ZE
> Mzg i . w
o Anzz'e == I0EFE o e M_H
Lz i
i H ‘o 1ef i A
t .
L e e so §e[ HHm.mﬁ o—us 1z o JvaLve (110
T &2 A (%] 2
it ndu) JPAGY ©F PPAST
drect L gnerd L n,mzn £2 aboljoa ybiy JabBuog
eza T T st 2z 3
e
ALVD J0=uS "
+ E Laver 2vor el = U
_:m "] n%_ T Teu LH
Citove ve -
vEu
WNUNXOW 2pw@e Ing) =4 “_nwilw a T mﬁ..«»mn
: a4 zL 15 1a
IBUIMON IPAE £ TNOA " AES ved
S5 B HOBI e
1
L 80 X v nuu.|§|qﬂ.
9E2 aisv HZTENAT
- 2 2

Figure 1. Schematic Based on the EVM
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Power Stage Transfer Function Calculation

Refer to the BOM of the schematic shown in Figure 1. The power stage parameters are listed in

the following table.

DEFINITION OF POWE STAGE PARAMETERS | PARAMETERS| VALUE
Input and output specification
Inout voltage Vin 48
Output volatge Vo 3.3
Output current lioad 30
Transformer ratio(Ns/Np) N 0.1667
Power convertering efficiency 7 0.9
Maxium Duty-cycle setting Dmax 0.65
Operation period T 4u
Output stage parameters
output inductor L 2u
equivalent resistor of output inductor RL 5m
output capacitors(two 330u in parallel) Cc 660u
ESR of output Cap Rc 5m
Primary resonant parameters
magnetic inductance Lm 100u
resonant capacitor Cc 40n
equivalent active resistor under Fsw Rw 1
Primary current sense circuit parameters
sense resistor Rs 4.64
current inductor Nt 100
UCC289X Slope paramerters
resistor 1 of slope compensation Rslope 168K
resistor 2 of slope compensation Rf 1.82K

The operation duty-cycle can be solved as:

D: Vout
Vin N 1

The output load can be calculated as:

Using the Improved CCM Small-Signal Model to Predict the Loop Stability of
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mc can be solved as the following:

. R
Vp:w. f (4)
Dmax Rslope
mc:1+Vp/((N vV, .U—VEUt).T N-R,_V, .LRS ~T] )

Given the preceding parameters, the Bode and phase characteristic of this transfer function can
be plotted on MathCAD or simulation software

H,(s)=1+ + Sz , Q,=-2/n,w,=xn/T (6)
w, 'Qz @,
K :Rs'T.('\ulj, D'=1-D )
2 \L NL,
V. 1+s/w V,-N-(l+s/a,) D’

G.(S)=o. ~TVPe G gy 0 ») , 7(s)=L, -5+ +R, (8)
() D 1+5/Qa, +s*/ @’ o) (t+s/Qa, +s%/@,) R, © Cc-s
Where:

oot o 1 S S

TJic T allR+RARKC] O RC® RC

For the UCC289X application, the coefficient K¢ is determined by the internal divided resistor; it
is set as 0.2, then the ultimate power stage transfer function of control to output transfer function
is:

Z,(s)-ke ©)

(mc'Rs'T.(D"N+ ! ]+ RS'HE(S)} Vo +R5‘N-He(5)—GVd(S)'Kr
D L N-L : G(s) Gy (8)

Gvc (S) =

6 Using the Improved CCM Small-Signal Model to Predict the Loop Stability of
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Figure 2 shows the calculation result:
dBGve(f) = 20-log(|Gve(f)|)

voltage loop transfer function
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Figure 2. Bode Calculation Regarding the Control to Output Transfer Function

3  Transfer Function for the Feedback Loop

In UCC2897X application, the voltage compensation circuit is mostly used with the circuit shown

in Figure 3.
VREF
Rot1 Vout
g Rref 51
2% Rot .
SFHE90BT 511
Cot
u4 82n Rv
FB 4 1 5k1 —— Cf Rup‘é
1 # 270p
Co z C
—_ v
10n o us ZV 1 am
A EIVARN
Rm‘é

D||||

V4
Figure 3. Voltage Compensation Circuit

Modeling an OPTO is paramount for deriving the feedback loop transfer function. Normally,
achieving the accurate mode is determined by two parameters. CTR of OPTO, the first
parameter, depends on its steady value and can be solved easily. The second parameter is
somewhat elusive in most cases because of its high-frequency characteristic.

Using the Improved CCM Small-Signal Model to Predict the Loop Stability of
UCC289X Active Clamp Forward Converter 7
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Figure 4. Switching Time versus Load
Resistance Regarding SFH690BT

However, the most important thing to affect this high-frequency characteristic is R and Cj,. Cin is
referred to as the internal capacitance; it is assumed to be added across the output terminals of
current control current source for transient analysis. Cj, is calculated based on the following
formula:

T, =22C, ‘R, (20)
In this application with Ic being 1 mA, it is can be assumed that T, is about 40u, then Cj, can be
calculated as follows:

40u
" 2.2R,

From the result above, we can choose Cj, as 10n.

Then the transfer function of feedback is as follows:

G (s) = —Ry 'CTR 14 (R +Ryy)-Cy 'S 1 1+R,-C, s (12)
¢ :I'-i_Rref'Co's Rot'(1+Roll'Cot'S) Rup'(cv+cf) 1+RV-CV.S
C, +C;
So, the closed overall transfer function is as follows:
Gtotal (S) = ch (S) : Gvc (S) (12)

Close the loop with the following functions:
dB(ch (S)) =20- IOg‘ch (S)‘ dB(Gtotal (S)) =20- IOg‘ch (S) . Gvc (S)‘

Ph(ch (S)) = arg(dB(ch (S)) (I)) Ph(Gtotal (S)) = arg(dB(ch (S) : Gvc (S)) (I))

8 Using the Improved CCM Small-Signal Model to Predict the Loop Stability of
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The plotted result using MathCAD is as follows:

Bode plot
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Figure 5. Overall Voltage Loop Stability Calculation Result
With the Loop Closed

4  Loop Stability Verification Through Simulation

To demonstrate the validation of the transfer function presented above, a UCC2897A simulation
model is built to create the typical circuit based on the EVM application scheme. The circuit
parameters are basically coincident with those proposed in the EVM BOM.

Using the Improved CCM Small-Signal Model to Predict the Loop Stability of
UCC289X Active Clamp Forward Converter 9
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Figure 6. Simulation Circuit for the Loop Stability Verification

Figure 7 through Figure 9 present the comparison between calculation and simulation.
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The following table shows the comparisons:

Comparison Items Calculation/Simulation | Calculation/Simulation | Calculation/Simulation
Input and Output i Phase Margin . .y
Specification Cross-Frequency (Degree) Gain Margin (-dB)
38Vdc input/3.3V@30A 5.2K/6K 72/70 45/30
48Vdc input/3.3V@30A 5.5K/6K 71/70 60/55

72Vdc input/3.3V@30A 6.5K/6K 70/70 90/70

It is shown that the calculation results match well with the simulation result.

5 Loop Stability Verification Through Practical Measurement

To have the further verification for the calculated loop plot, the calculation result is compared
with the practical measurement based on the UCC2891EVM when 48-Vdc input and 75Vdc input:
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Figure 10. Overall
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Comparison Between Calculation and
Measurement Under 48-Vdc Input and 3.3-V/10-A Output Operation
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Voltage Loop Plot

The following table shows the comparisons:

f - Frequency - Hz

Comparison Between Calculation and
Measurement Under 75-Vdc Input and 3.3-V/10-A Output Operation

Comparison Items

Calculation/Measured

Calculation/Measured

Calculation/Measured

Input and Output

Cross-Frequency

Phase Margin

Gain Margin (-dB)

Specification (Degree)
48Vdc input/3.3V@10A TK/6K 42/48 15/10
75Vdc input/3.3V@10A 6K/7K 40/45 25/9

It is shown that the calculation results match well with the measured result.

NOTE: The calculation gain margin has been a little far with the measured results due to the
highly complicated prediction regarding the resonant parasitic parameters when frequency is so

high.

Conclusions

Using the improved small-signal model regarding the UCC289X active-clamp forward converter
to predict the actual loop stability is helpful for practical loop debugging work. This practice will
be more efficient for the engineers to debug the loop stability.

Using the Improved CCM Small-Signal Model to Predict the Loop Stability of
UCC289X Active Clamp Forward Converter
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