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INTRODUCTION

The ML4874 and ML4876 are high performance backlight
and dimming controller integrated circuits specifically
designed to control miniature cold-cathode fluorescent
lamps (CCFLs) for portable computing and instrumentation
equipment.

These devices are designed to achieve high efficiency as
well as high application flexibility. Some of the key
features are:

Low Standby Current (<10pA)

Differential Output Lamp Driver

Up to 30% Less Power for Same Light Output

Allow Use of all N-channel FETs

Resonant Threshold Detect (RTD) Switching
Regulated lamp current by means of a buck switching
converter which is synchronized to the lamp driver
frequency for flicker free operation. The duty cycle is
capable of operating from 0% to 100%.

Uses off the shelf power components including
magnetic components.

e Improved Efficiency (=95%)

e Surface mount SSOP package of this circuit is available
for space economy.

FUNCTIONAL BLOCK DIAGRAM

All controllers in this series consist of two main functional
blocks.

* A buck current regulator block that controls the lamp
current.

e A current fed lamp driver block that uses a self-
synchronizing scheme for low loss resonant threshold
detect switching (RTD), and facilitates flicker free
dimming.

The simplified block diagram of the ML4874 is shown in
Figure 1. The timing of the circuit is controlled by setting
the frequency of the oscillator by components connected
to pins 4 and 9 and ground. For ML4876, only pin 9 is
used for Cy. Ry is built-in internally. See Figure 14. For
ML4874, there is a zener diode at pin 2 to set the voltage,
whereas the ML4876 does not have this feature.
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Figure 1. Block Diagram of the ML4874.
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The frequency of the pre-regulator stage and the contrast
regulator stage are synchronized with the inverter circuit
which share a common oscillator. This feature helps to

reduce possible RFI and the effect of the “walking” lines
across the LCD screen. The operating frequency of the
buck and the contrast regulator is twice that of the CCFL
current frequency.
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Figure 3. Block Diagram of ML4876.
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SIMILARITIES AND DIFFERENCES BETWEEN
THE ML4874 AND THE ML4876

Similarities
They are both high-efficiency differential backlight drivers,
with low standby current (<10pA).

The buck regulator with synchronous rectification and
resonant threshold detection are also common features.

Differences

The basic differences between the two controllers are
tabulated below:

ML4874 ML4876
No Contrast Contrast Control
Zener (Pin 2) No Zener
Rt and Ct Pins Only Cy Pin

Both functions
share one pin

Separate input for
lamp current feedback
and current limit

Lon pin for Lon and ON/OFF
lamp only pins

Soft Start Pin No Soft Start

DESCRIPTION OF THE LAMP INVERTER CIRCUIT

The lamp inverter circuit is comprised of the current
regulating buck converter and the current-fed Royer-type
inverter. The buck converter controls the magnitude of
lamp current. This feature is instrumental in providing
dimming control. The simplified equivalent electrical
schematic of the driver section is shown in Figure 5. Due
to the presence of Ly, the circuit shown in Figure 5 is
essentially a current fed parallel loaded parallel resonant
circuit, which can be further simplified to that shown in
Figure 6.
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Figure 5. Simplified Lamp Driver Circuit.

The simplification in Figure 6 assumes that two lamps are
operating in parallel. If one lamp is used then the original
output ballast capacitor value should be used in the
calculations.
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Figure 6. Simplified Lamp Driver Circuit.

Ly is the magnetizing inductance of the inverter
transformer, which tunes with the resonant capacitor Cg
to set the resonant frequency of the inverter. The oscillator
frequency of the ML874/76 is set lower than the resonant
frequency to ensure synchronization.

The current source labeled I¢ in Figure 6 is a conceptual
current source which models the function of Ly. Since the
circuit always operates at resonance the impedance seen
by the above current source is resistive and equal to the
transformed impedance of the lamp which is given by the
formula below:

R =— (1)

where V| is the operating voltage of the lamp at full
brightness and I_is the lamp current.

In most cases the value of the ballasting capacitor CoyT

is chosen such that its reactance is approximately equal to
the lamp resistance R|. The two capacitors CoyT are used
to simulate two separate current sources, so that current
will share between the lamps. The typical value for R is
100KQ. For a typical operating frequency of 50kHz, Coyt
yields a capacitive reactance of approximately 100K. The
best choice for this capacitor therefore lies between 27

to 33pF.

OPERATING WAVEFORMS OF
THE LAMP DRIVER SECTION

Figure 7 shows some of the waveforms present in critical
parts of the circuit. Refer to Figure 8.
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Figure 7. Operating Waveforms of the
Lamp Driver Section.
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OSCILLATOR
The oscillator frequency is set externally through Ry and Under steady state conditions, the oscillator frequency
Ct for ML4874, and Ct only for ML4876 (Rt is a resistor will be locked to twice the natural frequency of the lamp
of 82KQ integrated on the chip). The equation below inverter resonant frequency. The lower bound on the
gives the relationship between frequency and timing resonant frequency (that will be used to calculate the
components. This frequency should be set below the oscillator timing components) can be calculated by using
resonant frequency of the inverter. See Figures 2, 4 and 8. the following formula:

— 1 1

fosc = (2) fan
3.51R¢Cy 21 Ly (4 G +0N2 Coo ) 3)
|————n U2-A

5.0TO 18V

? ? T | *
IN J_ J_ ! | *OPTIONAL .
| I SEE NOTE l
1 R1 | - |
|
- = | :
= =
i ! | — L1§
Lo by ' OR * OPTIONAL 100pH
1 |
e —
R == LA ] 1
== = R6
AZR| VDD A.3K
N - e L e L = L ':LII_RTD Sy
l fro} %
39pF
HVD LINEAR i c6 P
REGULATOR | +—
l | L GATE1 0.14F
| ONE @ 14 i
| SHOT NEG a |
VREF_L [ mAsTER EDGE T ILGATE2 |} 4
BIAS s Q—  [DEAY Q @» [1e—31 | 1y
& UVLO
| —R Q [
, [
i ! R5
: L ILIM 0.5Q
[ 6] \
! i
| . =
| 05V | R3
| LEA OUT 100K
. RESONANT
- THRESHOLD R4
+H16v | DETECTOR 1.6M
BRIGHTNESS
ADJUST
ClKIL OSCILLATOR

*NOTE: USED FOR INPUT VOLTAGES
GREATER THAN 18 VOLTS

Figure 8. Typical Application Schematic for the ML4874.
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Where n is the number of lamps at the output with
ballasting capacitors Coyrt, N is the secondary to primary
turns ratio of Tq, Ly, is the primary inductance of T; and
Cr is the capacitance across the primary. Based on this
information the oscillator free running frequency is set to
approximately 10% to 15% lower than twice the
minimum frequency of the resonant tank.

c; 0l 4)
T Ry
\;Ln1(4'(:R +nN? (:()LJT)
Cr
Example Calculation for ML4874:
L, =12x1056 Cr=0.1x106
Cr =47x1012 n =1
COUT=39X1O*12 N =135
f=— 1 = 43kHz
2n\;Lm(4 Cg +nN2 COUT) (6a)
L[4 G +nN2 Cor)
Ry =L =78kQ  (6b)

Cr
The natural frequency of the resonant tank will increase as
the lamp(s) are dimmed. The upper bound of this increase
can be estimated by the formula below:

1

fmax O

aml,, Gy @)
For the previous example this will be:
Ly =12x 106 Coy = 0.1 x 106
1
f O =72kHz
MAX L Gy ®)

Thus the lowest operating frequency will be at full
brightness.

REFERENCE VOLTAGE

The reference voltage is 2.5 volts +2%. To guard against
noise, it is advisable to connect a 0.1pF capacitor across
the reference to ground. This precise reference voltage
helps to stabilize the brightness and contrast from unit
to unit.

BUCK REGULATOR AND GATE DRIVE CIRCUIT

The ML4874/76 design is based on a 5V BiCMOS
process to obtain the highest possible efficiency and size
economy. The buck converter power MOSFET switch,
U, is driven by a special gate drive circuit (see Figure 14).

This drive circuit consists of Ty, Dy and Q3. T, has the
dual function of isolating the drive signal and stepping up
its voltage for adequate enhancement of Uja. T is a
standard surface mount transformer that can be obtained
from many coil manufacturers. The ML4874/76 has been
designed such that a short duration (approx. 150ns)
voltage pulse is applied to T,. This pulse charges the gate
of Uya. The charge is trapped at the gate by D, until the
end of the ON-time at which point the gate of U, is
discharged by Q3. This drive technique enables the
ML4874/76 to control power at voltages that are higher
than its own maximum operating voltage rating of 5V.

The gate drive transformer requirements are listed below:
¢ Leakage inductance <300nH

* Primary magnetizing inductance >3uH.

SELECTION OF THE BUCK INDUCTOR (L1)

The inductor plays a central role in the proper operation
of the inverter circuit.

To find the inductor value it is necessary to consider the
inductor ripple current. The following formula gives the
inductor peak to peak current ripple for when V1p<V|N.

i D+COS TPEDorv Y 9)
Lp-p = 2Tffosc S B Vi %’E P <IN
Where: i, is the peak to peak inductor current, Vi is

the supply voltage, V1p is the peak voltage at the tab of Ty
(the waveform at this point is a full wave rectified
sinewave), fosc is the inverter operating frequency, and Lg
is the inductance of the buck regulator.

Normally the inductor peak to peak ripple current is
chosen to be a small fraction of the overall DC current
level. However, the circuit continues to function adequately,
when this ripple is as large as the DC current. Ripple
currents larger than the DC current will lead to larger-
sized inductors due to the high peak currents with large

ripple.

If we define the percentage of ripple in the inductor as:
: Lpp

% ripple = i ,

then L is given by the following

Lave
equation.
1 Vi’
lg = — x — TP x Ij + COSD\/i
% ripple  v2 2Tiosc min Pimax OVIN MAX (10)






















