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ABSTRACT

With the increasing application on the wide input range of 90Vac-305vac for the
high power PWM dimming LED street lighting, UCC28019A suite very well for this
application. However, the PFC inductor noise issue, introduced by the PWM
dimming of output load, may be the major concern. In this paper, the root cause of
this phenomenon is analyzed based on the small signal model and the solution is
proposed. To verify the validation of the proposed solution, the UCC28019A
average model, together with the experiment, is used to check the verification. It is
proved that the experiment result agrees very well with the analysis result and
simulation resulit.
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Introduction

Average current control with CCM operation is the most typical control scheme that is widely
used for high power APFC converters, such as UC3854 based converter. It features several
advantages over Peak current control such as the elimination of the external compensation
ramp, improved immunity to noise in the sensed current signal and lower input current THD.
However, the traditional CCM control scheme using the multiplier insider the chip complicates
the outsider circuit design. In recent years, the new CCM with 1-D control model featuring 8-pin
Solution was the most preferred by engineers, such as TI UCC28019A controller.

The UCC28019A actually takes advantage of the pulsed and nonlinear nature of switching
converters and achieves instantaneous control of the average value of the rectified voltage or
current. This control scheme was designed to provide fast dynamic load response and good
input perturbation rejection compared to the other PFC controllers.

In practical engineering, most engineers were greatly impressed by both its advantage of high
PF value achievement with the wide input range and the very good performance of turn on
ramping with no output overshot, which have made it more suitable than the traditional BCM
PFC controller. Especially in the increasing application with the wide input range of 90Vac-
300vac for the high power PWM dimming LED street lighting. However, there is the audible
noise concern caused by its unique loop characteristic when taking the dynamic response.

In view of the above-mentioned issues, the objective of this paper is to propose a proper
solution to improve the dynamic performance. First of all, the phenomenon of this issue is
detailed in chapter 2. In order to investigate this reason, the current loop small signal model is
analyzed in chapter 3 and its’ root cause is detailed based on this and a proper solution is
proposed. To fully verify fully verify this solution, the corresponding UCC28019A average
model is also used to verify the result together with the experiment test in chapter 4. Finally,
the design tips of this solution are summarized combined with the practical engineering
application.

The UCC28019A load dynamic audible noise description

The dynamic noise issue may occur in the following 2 scenarios:

1. the load step up operation when the loop is not optimized as shown as Fig1,where the
PFC peak inductor current is increased instantaneously during this process which will
cause the ferrite inductor saturated.

The Solution to Optimize the Load Dynamic Performance in UCC28019A LED Lighting Application
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Fig1. Load steps on causing PFC inductor saturated
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the load step down operation when the loop is not be controlled during OVP operation is
shown as below Fig2, where the PFC high peak inductor current occurs with the irregular
frequency during this process which will cause the audible noise

| |"1 o0ms

= 2N HZ

Fig2 .Load steps down causing PFC inductor saturated

On outdoor application, this phenomenon is the inhibited due to the post stage’s PWM load
dimming requirement.

The Solution to Optimize the Load Dynamic Performance in UCC28019A LED Lighting Application
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3.1

Analysis of the root cause based on UCC28019A operation principle

Small signhal modeling is the most practical way to investigate the converter’s control loop
stability. In this chapter, we can only focus on the main small signal transfer function for the
current loop insider UCC28019A because the inductor current response under the voltage
perturbation of voltage loop is the major object we research.

The PFC inductor current noise analysis based on the Vcomp variation during
UCC28019A load stepping up

For a conventional PFC converter, the key to implement power correction is to let the input
current track the input voltage. In order to investigate its small signal characteristic, in this
chapter, we can only focus on the realization of the small signal transfer function. Actually,
inside the UCC28019A, there are also two loops, one is the current loop and the other is the
voltage loop.

The overall current control loop can be described by the followed Fig3.

2VoRs(1+sRC2)| 5 - gm || 4 |d

X(s)R(1-D)2 = sCc m2Ts
m1
K1

Fig.3: The overall current loop compensated by Cc

(vs,icomp,d’ are the small signal perturbing on the voltage of PFC’ s current sense resistor,

lcomp and 1-D;m1 &m2 are the non-liner gain, k1 is the internal controller constants, Cc is the
compensation capacitor, Ts is the switching period )

Where

Vo —the output voltage.

Rs—the sense Resistor

C/Cc---the output capacitor and capacitor for the current loop

Ts—the operating Period

The Solution to Optimize the Load Dynamic Performance in UCC28019A LED Lighting Application
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The transfer function Gd’s(s) of the compensated current loop will be derived as:

A

d’ k1 1
G, (s)=% = -
n(5) Vg myemy-Ts o kl-Cc S (1)

m, - gm

As to the power factor correction, the operation principle of input current tracking input voltage
is assumed to be the primary concern for us. From experience, we have known that input
current is always tracking input voltage at the low frequency range 90Hz- 120Hz this
enlightens us that we can only concern about the low frequency characteristic as to the current
loop. As the same as UC3854, UCC28019A’s power factor principle has also incorporated the
current loop’s low frequency characteristic. From above formula (1), we can see the low
frequency gain of Gd’s(s) at steady operation will be:

i,\; kl

ve my-m,-T

N

(2)

And also at low frequency, we also have:

d 1-D

VS [in ’ Rs

At low frequency, Combing (2) and (3), we can obtain the result as follows:

l—Dz kl 'Iin .Rs
m, -m, T “)
1 2 s
Refer to Boost converter’s principle:
V.
I=D=- (5)

Finally, the formula of input current tracking input voltage has been derived as follows:

v, kLV,-R

mn

I mom,T ©)

12

It is shown that the PF is achieved.
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As what presented in Fig3, we can obtain the overall current loop transfer function. However,
in order to investigate the internal operation perturbed by the output load, the transfer functions
of input average current need to be investigated under such a perturbance.

Based on above (1), it is obtained as follows:

iin :Ty 'ml .mZ (l_l_ kl 'CC 'Sj

d Rk m, - gm

(7)

For UCC28019A application, the L choosing will decide the CCM mode or the combined CCM
and DCM operation, but for the later mode, the small transfer function is more complicated. To
convenient the analysis, we only discuss the small transfer function under CCM mode. But for
the combination mode, the average model simulation is a good way for its analysis, but this is
not our major topic we discuss here.

So, under CCM mode, the above (7) can be written as the following (8) if perturbing on Vo
when Vin is constant.

n

~ 8
Vo |Vin=0 I/m ) Rskl ( )

m, - gm
From [2] and also from above formula (6), we know there is the formula as below:

k-1,V,Rs I, -V'Rs-k
V,Ts v, Ts

in

m -m, =

9)

v vV m,

0 o

:1+S-RC.m1-m2

GPWM—PS - (10)

comp |pin=0

If defining:

Then the above (8) can be written as:

k, -Cc
; 1+ .S
Iin Vo Ts .m3 m,-gm
=- : (12)

v V.-Rk  l+s-RC

comp ‘Oin:O

The above (12) has presented the relationship of lin / Vcomp under output load perturbing, to
discussed the above (12), m3 need to be described

The Solution to Optimize the Load Dynamic Performance in UCC28019A LED Lighting Application
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. Using Mathcad expressions as follows:

m3(Vcomp) = |0 if 0 < Vcomp < 2

(O.OSchornp2 — 0.1543-Vcomp + 0.1167)

u

if 2 < Vcomp < 3

(0.1026Vc0mp2 — 0.3596- Vcomp + 0.3085)

u

if 3 < Vcomp < 5.5

0 otherwise

(13)

1.6-10
1.44-10°

12810
1.12-10°

0.6-10°
m3(Veomp) 8 107
6.410°
4.8-10°
2107
1.6:10°

2 24 28 32 36 4 44 48 52 56 6

Veomp

Fig.4: The m3(Vcomp) curve under Vcomp

From (12), we can know that fin/ﬁwmp is depended on the steady value

of lo,Vo,Vin, Rs,Ts,k1,m3(vcomp) , that shows that the lin current will be disturbed also by the
above parameters under the certain steady operation. This also demonstrates that the PFC

current will response quickly following the quick variation of Vcomp
From above analysis, it can be concluded that if PFC inductor current is required to have small
variation when a certain Vcomp perturbation is injected, the value of V03 M3 (Vo )/(RS V)

shall be also decreased. But it is hard to under it control in practical functional optimization
design process. So, the normal solution is depended on how much Vcomp variation is reduced
when the whole voltage loop is closed.

8 The Solution to Optimize the Load Dynamic Performance in UCC28019A LED Lighting Application
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3.2 The root cause analysis for the UCC28019A Vcomp variation during UCC28019A load
stepping up

As described as UCC28019A datasheet regarding its voltage Error amplifier as follows:

~J
100nA J\‘u
Voltage Error WX/
Ampli‘fie.f.___ + ’—O v T&
L ol gmv VSENSE
=] ° Eﬁj
g, Enhancement . C
VSENSE i|j
END OF 55
4 4,95V =
|—5—| VCOMP
T2
Rey =
- EDR \ =
= Q S| ENDOFSS Y c.. —=
FAULT —p, vz T
;<{ ( ) Cewt
o FAULT Q R [ FAULT [

Fig.5: The internal principle of voltage loop

When output voltage perturbation is greater than 5% appear at the Vsense input, the amplifier
moves out of linear operation. On an under-voltage, the UVD function invokes EDR which
immediately increases the voltage error amplifier trans-conductance from 42us to about 440us.
This higher gain facilitates faster charging of the compensation capacitors to the new operating
level. This demonstrate the EDR has introduced a lot mount of Vcomp charging energy to
promote the Vcomp rise a lot especially when the output current is heavily stepped on. So, if
the Vcomp is required to have little impact based on the EDR function, the voltage loop shall be
responded a little faster to avoid the UVP point as soon as possible. As shown as below
voltage feedback circuit, normally, the Ccv2 shall be decreased a little to faster the loop
response time.

Vecomp o5V

gmyj
pb——OVsense

Rcv
- Ccv2

—[ Ccv1 |

0

Fig 6: the voltage feedback compensation loop

The Solution to Optimize the Load Dynamic Performance in UCC28019A LED Lighting Application
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3.3 The primary The PFC inductor current noise analysis during UCC28019A load
stepping down

In most cases, there is really the possibility of PFC inductor noise occurring during the course
of the PFC load stepping down. Experiments founded that this is occurred when the output
OVP is triggered, and this noise may remain for a long time if the OVP is still triggered
especially as the load is switched to the light load mode. So the noise may be firmly related to
the output OVP protection mode. As was founded from the datasheet that UCC28019A just
provides a very simple OVP protection mode-if the OVP protection is trigged, it will directly turn
off the drive. But in actual experiment, we still found the drive is abnormal in this condition and
the inductor current is with some abnormal high peak current shot.

A lot of experiments founded the Vcomp is stepping down very slowly companied with this
course. If we reduce this stepping down time, the noise will be reduced. So, a good solution is
using some external way to discharge the compensation capacitor quickly when OVP is
trigged. Once the Vcomp voltage is deceased, the output will also move out of the OVP level
and does not have noise problem any more.

3.4 The PFC inductor current noise solution during UCC28019A load stepping down

As analyzed above, we could find a way to reduce the Vcomp voltage quickly. In some cases,
this may not be a serious problem because the small value compensation capacitors are
chosen and the noise is not obvious. But in most cases when PCB layout is not good and not a
higher PF value is achieved, the voltage compensation loop has no room for optimization but
the load stepping down noise is still obvious, then the external circuit will be required to solve
this problem.

The proposed solution is as follows:

To make a simple understanding, we can use the normal OP and TL431 or TL103 achieve the
following circuit

\Vcomp

3 AN Vsense

= ANV
LM2904/NS .| V4o
=0

Fig 7: the simple principle of proposed solution compensate loop
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The total solution with TL103 is as below Fig 8. Normally the half part of TL103 can be used for
over temperature protection which is required by the Safety certification in the practical

D6
M
P
1N4007
L1
1mH Ds t
2 " . i ou
—p
RS2507 1~ c3 L
VOFF =0 105 R9
1.8M
FREQ=50 [VAMPL = 90vac--300va| 82U/500V
1 Rload
C20-T~ 600R
R10 M1
1.8M
L R7
R68 < R69 R11 10k
67m/2W S 67mi2w 1.8M
-
"0
4R7 vee < Rup
30 R8 v 3 1a2m
= g R12
n 1.1M
R6 =
21 S U1 c24
c22
GND GATE [— fu 100n
ICOMP vee =
ISENSE VSENSE
UCC28019A
VINS VCOMP
c31
= c29
n R63 =
100K 5 0.68U

vce
NA

TL103WA
U4

R56 — 10ut Vee+
3k 2140 20ut F—
Used for Over temp pro 3 1In+ 2In- L
G—f Vee- 2in+ 8
~o

Fig 8: the total solution with improved load dynamic performance using TL103

In practical design, the main tip for this solution must meet the following requirement with the
higher tolerance of R1,R2 and TL103

- 5= I/out. .Rdawn'(Rl-l_RZ) (14)
R + Rdown ) (Rl + RZ) Rdown + R1 + R2
v Rdown + Rl + RZ

v 52<25. 1+% <5.25

The Solution to Optimize the Load Dynamic Performance in UCC28019A LED Lighting Application
11



I3 TEXAS

SNVAG684A INSTRUMENTS

4 Proposed solution verification with UCC28019A average Model and practical experiment

In order to verify the feasibility of the solution mentioned above, the UCC28019A average
model is established as the below table1 parameters and simulation is conducted. At the same

time, the experimental prototype is build to verify the solution.
The simulation model and experimental prototype is based on the following table parameters:

TABLE1: LIST OF THE PROTOTYPE PARAMETERS
PARAMERTERS VALUE |PARAMERTERS VALUE

Cout 82U Cc 1n
Rload 720R Rcv 20K
L 900U Ccv1 3U
Rs 67m Ccv2 68n
Vout 440VDC R_light olad 10000R
Active PFC UCC28019A average mode simulation based on Pspice
Richard yang Tl
CCM PFC average model
avsvine) ! :« Vﬂ;ov T:: MUR840 .
Riine1 ", . Rs oo R0+ cof! 3 Ro ROTTO R
K . e w % 300k (Co} L W g s
2 °

©)

R4
(R Ve RV T vver0 2140 ) 1.1Meg
IF((V(Vsense)<4.25),30u.0))

Gualue Gsw3

cig
[ES

RS
129

{IF((V(Vsense)>0.1),100,0)}
RS9 GAIN =1
Vsense Es

c\\}_l
%Eg 5 EE
] iézj
=3
eo
R LR
g 2532
#3298
o ﬁF
<
I
o

= ci7
0.066u
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When PFC steps from no load to full load transient, as EDR still works under PFC operation,
the peak current occurrence through PFC inductor is not avoidable, but we shall be sure there
is no inductor saturated problem and no audible noise. However, when PFC steps from full load
to no load transient, there will be noise through the inductor. The simulation result for the
original application is shown as below Fig10.

480V

37EV,W

T

b
o I
s 1.3s E 1.8
o I(L2)
Time

Fig10. The simulation result for output and inductor current w/o TL103
From above simulation result, the noise is clearly observed when the PFC load steps down

Now, the external TL103 is added as shown on Fig9, then simulation result of output voltage,
inductor current and OP output is shown as below Fig11

500V
375v:5——\ANVVMWANVVW\NW\A/W’\A/W\A’WW‘M’\RN

250v+

0 V(R20:2)

o
B
|

SEL>>
-1v

1.2s 1.3s
o V(U2A:out)

Fig11. The simulation result for output, inductor current and TL103 output

The Solution to Optimize the Load Dynamic Performance in UCC28019A LED Lighting Application
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From above simulation result, it can be seen the noise is completely disappeared and TL103
works well to discharge the capacitor current on the voltage loop. So the output voltage can be
quickly moved into the regulation range. But one issue must be attached with great importance
is that it shall not influence the no load operation due to the no load power loss requirement in
some cases.

In order to verify the practical operation, the experiment is conducted on the prototype, the
following Fig12 is the measure result based on the original application, it can be clearly seen
there is noise occurrence during output load stepping down process. However, with the
improved solution, the noise is completely disappeared just as the same as the simulation on

20M U3

Fig12. The measured result for output and PFC inductor current w/o TL103
e .

“ “40.0ms ||2 50 | 7 —2.48 A
| J \

~ i
2NMH?: 24 45 2013

2l 10> ISR Ex=

Fig13. The measured result for output, inductor current ,TL103 output
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Conclusion

In this paper, the root cause of the noise issue during the course of the output load stepping up
and stepping down based on the original UCC28019A application is detailed. This is the urgent
case need to be solved for the PWM dimming LED street lighting application. Of course, the
corresponding solution is proposed and verified both through theoretical analysis& simulation
and experiment measurement. It is shown that they match very well.
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