Using external circuitry to add Brown-Out Function to the UCC28180 PFC controller
Introduction:
Many Power Factor Correction (PFC) controllers feature a Brown-Out (BO) function which automatically stops regulation and places the controller in low-power mode when the input voltage drops below a predetermined level.  Conversely, the PFC will resume operation when VAC rises above this level (plus a hysteretic offset), sometimes referred to as Brown-Out Recovery or “Brown-In” (BI).  
Some PFC controllers such as the UCC28180 do not have the BO feature integrated in the design, however, external circuitry can be added to a design to realize the Brown-Out/Brown-In function. The circuitry would monitor the rectified input voltage and use that information to control the standby feature of the controller. This paper will discuss just such a circuit.

Circuit Description
Referring to Fig. 1 below, a resistor divider is used to scale the rectified voltage to the input of an LM8364 undervoltage sensor. The LM8364 sensor is self-powered through the IN pin and consumes less than 1uA of bias current. It has a selectable internal reference and hysteresis, differentiated by part number. Brown-Out occurs when the voltage detected at IN (VS) drops below VDET-.  Falling below this threshold, RST_n will go low, holding Q1 inverter off. This allows the drain of Q1 to be pulled high through RQ2, turning on control MOSFET Q2.  Since the drain and source of Q2 are connected to the UCC28180 VSENSE and GND pins, VSENSE will be pulled to a low voltage (< 0.82V standby threshold of the UCC28180), putting the controller in its standby mode.  Conversely, Brown-In will occur when the voltage detected at IN rises above VDET+.  RH is added to increase the circuit hysteresis to prevent chatter between the two conditions for the larger disturbances present in an AC system.

[image: ] 
Figure 1

Nomenclature:
VAC = RMS AC input voltage (not shown)
FLINE = Line frequency
VBRIDGE = Voltage drop across bridge rectifier ~1.6Vtyp (not shown)
VREC = Rectified AC input voltage
VS= average scaled VREC voltage applied to LM8364 pin 2 (IN)
VR = Peak-peak Ripple voltage superimposed on VS
IB = LM8364 bias current
RU = combination of upper resistor divider values (RU1 + RU2 + RU3)
RL = lower resistor divider value
RH = hysteretic resistor
RQ1 = Q1 pull-up resistor
RQ2 = Q2 pull-up resistor
CL = Filter and delay capacitor across lower resistor, RL
VCC = UCC28180 Device Supply Voltage
VDET- = LM8364 Detector Threshold Voltage
Brown-Out Calculations:
When VAC is higher than the BO target, RST_n will be floating, therefore, the current contribution from VCC via RH & RQ1must be factored in.
Additionally, ripple from VAC will be present at VS. This will be included in the calculation for BO. 
Taking the above into consideration and performing KCL analysis at IN pin (VS node):

(1) 
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Figure 2

Solving for VREC:

(2) 

Since VREC is the rectified voltage from VAC, the forward voltage drop through the bridge diode must be considered to determine the BO/BI thresholds based on VAC
(3) 
Combining equations (2) and (3) and solving for VAC:
(4) 
Solving for RL:
(5) 
Brown-In Calculations:
Prior to BI, VAC is below the BO threshold, therefore, RST_n = 0V and thus, there is no current contribution from VCC through RQ1. Additionally, RH is now effectively in parallel with RL.
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Figure 3
While in BO, the controller is disabled and therefore, VREC will be peak-regulating. The relatively small ripple during peak regulation is negligible when it appears at VS, so it will be ignored for the BI calculation. The peak voltage is related to VAC by a factor of √2.
Taking the above into consideration and performing KCL analysis at IN pin (VS node):

(6) 

(7) 
Re-arranging to solve for RH:
(8) 
The equations for RL and RH are ideally solved simultaneously, but in this example, a lower limit for RL is established and then a value for RL > RL (min) is chosen. To determine RL (min), we recognize that VS must be below VDET- while in BO, without the effect of the parallel hysteresis resistor.
(9) 

One must consider the AbsMax rating of the LM8364 RST_n pin (6.5V). While VAC is above BO, RST_n is floating and will see VCC scaled by RQ1, RL and RH. When selecting these values, it is important to avoid violating this limit.

(10) 

CL is chosen to reduce the ripple at VS below the hysteresis of the LM8364. Ripple (VR). CL will also be used to add additional time delay to the circuit if desired.

(11) 
Design Example:
VAC specified range: 85VRMS to 265 VRMS @ 60Hz
VCC = 12V
BO Voltage Target: 65Vrms
BI Voltage Target: 80Vrms
In this case we’re using the LM8364-20 which has the following specifications
VDET- = 2.0V
Vhys = 0.1V
VDET+ = VDET- + Vhys = 2.1V
IB = ~0.56uA
Estimate bridge diode forward voltage = 0.8 V: VBRIDGE = 2 x 0.8 = 1.6V
Choose Q1 & Q2 pull-up resistors RQ1 = RQ2 = 1 MΩ to limit the burden on VCC.
1. It is best to start with the BI calculation to ensure the controller will regulate at the minimum specified VAC.
Start by choosing upper divider (RU1 + RU2 + RU3) high enough to limit current draw, yet low enough to reduce the impact of the I x R drop of the LM8364-20 bias current, IB.
Values in the single MΩ range are suggested to achieve these objectives. The common value of 1 MΩ is chosen for this design.

2. Equation (9) is used to establish the minimum value for RL


A common value of 75 kΩ is chosen
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3. Equation (8) is then used to determine RH

 

A more common value of 270 kΩ is chosen.

4. Equation (10) is used to ensure the absolute maximum voltage specification of RST_n (6.5V) is not violated:

5. Finally, eq (11) is used to select CL to reduce the peak-to-peak ripple at VS to be below the 60mV worst-case hysteresis of the LM8364-20. Peak-peak ripple voltage, VR, of 50mV or lower is desirable.




In addition to reducing ripple, the CL capacitor will delay the response time of the circuit preventing short brown-out events from triggering activation of the standby mode. A 2.2 µF capacitor is chosen to meet the maximum ripple requirement, yet also provide an RC time constant of ~2.2 µF * 75 kΩ or ~ 165mS. This will directly impact the delay in triggering BO and BI and the capacitor can be increased to delay the response further.

With CL selected to be 2.2 µF and rearranging eq (10), VR calculates to be:
 

6. Eq(4) can be used to calculate BO by using VDET- =2.0V for VR


7. Eq(7) can be used to calculate BI with the final selected values. VDET+ = 2.1V will be used for VS


Results:
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Fig. 4
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BO @ 67V                                                                               BI @ 80V

The trip points of the test circuit do not match the predicted values precisely but are within a reasonable range to provide meaningful BO/BI functionality. It must be noted that due to the very small currents in the circuit, any variance in component parameters from calculated values can have a significant impact on the actual results.  Resistor tolerances, as well as the LM8364 specification limits must be considered in a design for worst-case margining. Also, unfiltered high-frequency noise on VS (such as controller switching frequency) may also impact the results. Attention to board layout will help to minimize the effect.
Overall, excellent BO/BI functionality can be realized with this external circuitry but careful attention to component margins is required to meet the desired tolerance of the trip thresholds.
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References: 
UCC28180 datasheet: https://www.ti.com/product/UCC28180
LM8364 datasheet: https://www.ti.com/lit/gpn/LM8364
LM8364 Product page: https://www.ti.com/product/LM8364

Acknowledgements to John Dorosa for the initial prototype of this circuit and to Uli Goerke for his invaluable input and feedback.
image6.png
@ 1oonv onserzov
©» wonviay

@ toovian

D coomviaiv

M0 Byz00
M0 8y200m
0 8yz00m
M0 By 20.0m

)[ezsmion zoamsis
o anpe
sacas
M Maren 30,2022

Soonsipt

161929





image1.png
RU

CL—

Vrec

Rui

Ru2

Ru3

Vs

RH

— RL

LM8364-XX

IN RST_n

Ra1

vcc

Ra2

UCC28180
VCC

VSENSE





image2.png
Vrec VCC





image3.png
Vrec

Ru

Vs

CL —

RL





image4.png
Rui<Z 1MQ
RU Ru2<Z 1IMQ
Rus<Z 1MQ
Ib
Vs
CL == RL 275kQ
2.2uF

Vrec

RH

270kQ

LM8364-20

IN RST_n

Ra1

vcc

1MQ

Ra2> 1IMQ

UCC28180
VCC

VSENSE





image5.png




