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High-Intensity Discharge (HID) lighting systems remain a cornerstone in industrial, outdoor, and high-end
automotive lighting applications due to their exceptional luminous efficacy and longevity. However, the physical
properties of HID lamps—specifically 70W Metal Halide (MH) and High-Pressure Sodium (HPS) variants—present
unique challenges for power electronics designers. Unlike incandescent bulbs, HID lamps exhibit a non-linear
impedance and negative resistance characteristic that requires a sophisticated control system, commonly known
as a ballast. This article provides a comprehensive technical analysis of high-efficiency electronic ballasts,
focusing on the dual-stage architecture utilizing the L6562A Transition-mode PFC controller and the L6569high-
voltage half-bridge driver.

The Fundamental Physics of HID Lamp Operation

To design an effective ballast, one must first understand the load it serves. An HID lamp generates light by creating
an electric arc between two tungsten electrodes housed within a translucent or transparent fused quartz or fused
alumina arc tube. This tube is filled with a mixture of noble gases and metal salts. When the lamp is cold, the gas is
non-conductive.

The operation of an HID lamp is divided into three distinct phases:

« Ignition: A high-voltage pulse (typically 3kV to 5kV for a 70W lamp) is required to ionize the gas and initiate
the arc.

« Warm-up: Once the arc is established, the lamp's resistance drops significantly. The ballast must provide a
high current to heat the electrodes and vaporize the metal salts, transitioning the discharge from a glow to an arc.
e Steady State: As the internal pressure rises, the lamp reaches its optimal operating temperature. At this
stage, the ballast must regulate the power to exactly 70W, despite fluctuations in the input mains voltage or

changes in lamp aging.

Failure to accurately manage these phases leads to shortened lamp life, color shifting, or immediate catastrophic
failure of the electronic components.

The Architecture of an Electronic Ballast

Modern electronic ballasts, such as those described in technical application notes like AN2835, typically employ a
two-stage conversion process to maximize efficiency and minimize Total Harmonic Distortion (THD). This design
ensures that the lighting system complies with international standards for power quality, such as IEC 61000-3-2.

Stage 1: Active Power Factor Correction (PFC)

The first stage is a Boost Converter operating as a Power Factor Corrector. Its primary goal is to ensure that the
input current drawn from the AC mains is sinusoidal and in phase with the voltage. For a 70W HID system, the
L6562Ais an industry-standard choice. It is a Transition-mode (TM) PFC controller that uses a multiplier to adjust
the current reference according to the instantaneous line voltage.

Technical advantages of L6562A in HID applications:



» High Precision: It features an internal multiplier with a wide linear range, ensuring low THD even under
varying load conditions.

¢ Low Consumption: With a start-up current typically below 30 pA, it allows for efficient auxiliary power supply
designs.

e Protection: It includes overvoltage protection (OVP) and feedback failure protection, which are critical when
the lamp is removed or fails to strike.

Stage 2: The Inverter and Power Control

The second stage converts the high-voltage DC bus (typically around 400V DC) into a low-frequency AC square
wave to drive the lamp. This stage is crucial because driving an HID lamp with high-frequency AC (above a few

kHz) can trigger Acoustic Resonance. This phenomenon causes the arc to become unstable, potentially cracking
the arc tube.

To avoid this, engineers use a Full-Bridge or Half-Bridge topology operating at low frequencies (typically 100Hz to
400Hz). The L6569 high-voltage half-bridge driver, combined with the L6385E, provides the necessary gate drive
signals. The L6569 includes an internal oscillator and dead-time circuitry, which prevents "shoot-through" (a
condition where both high-side and low-side MOSFETs are on simultaneously, causing a short circuit).

Comparative Analysis: Electronic vs. Magnetic Ballasts

The transition from magnetic (inductive) ballasts to electronic ballasts has been driven by the need for energy
efficiency and better light quality. The following table highlights the technical differences:



Feature Magnetic Ballast Electronic Ballast (L6562A/L6569)

Efficiency 75% - 85% 90% - 95%

Power Factor Low (requires external capacitor) Active PFC (>0.98)

Weight Heavy (Iron core) Lightweight (Ferrite/PCB)

Lamp Life Moderate (Sensitive to mains) Extended (Regulated power)
Flicker Visible (50/60 Hz ripple) None (High-frequency processing)

Detailed Circuit Mechanics: The PFC Stage

In the 70W HID design, the PFC stage must boost the rectified AC input (88V to 264V) to a stable 400V DC. The
mathematical relationship governing the boost converter is defined by:

V_out=V_in/(1-D)

Where D is the duty cycle. The L6562Amanages this duty cycle in real-time. It monitors the current through a
sense resistor in the source of the MOSFET. When the current reaches the peak level dictated by the internal
multiplier, the MOSFET turns off. The energy stored in the inductor is then transferred to the output capacitor via a
fast-recovery diode. The Transition-mode operation ensures that the next switching cycle begins only after the
inductor current reaches zero, which minimizes switching losses (Zero Current Switching).

Inductor Design Considerations

The boost inductor is a critical component. For a 70W output, the inductor must handle peak currents without
saturating. Using a ferrite core with a specific air gap is necessary to store the required energy. The saturation
current (I_sat) must be at least 20% higher than the maximum calculated peak current at the lowest input voltage
(88V AC).

The Inverter Stage and Acoustic Resonance Mitigation

Acoustic resonance occurs when the frequency of the power pulses matches the standing wave frequencies of the
gas inside the lamp. This can result in light flickering, arc bowing, and even lamp explosion. To mitigate this, the
L6569 is used to drive the lamp at a low frequency, usually around 130Hz to 170Hz.

The control circuit for the inverter stage often includes a Current Mode Controlloop. By sensing the lamp current
and adjusting the DC bus voltage or the bridge's pulse width, the system maintains a constant 70W delivery. This is
vital because as the lamp ages, its voltage drop increases. A magnetic ballast would simply provide less current,
leading to reduced light output. An electronic ballast, however, increases the voltage to maintain 70W, ensuring
consistent luminosity over the lamp's entire lifespan.

Field Guide: Step-by-Step Implementation

Implementing a 70W HID ballast requires a structured approach to PCB layout and component selection:

1. EMI Filter Design: Start with a robust EMI filter at the AC input. Use X and Y capacitors along with a common-
mode choke to suppress high-frequency noise generated by the PFC switching.



2. PFC Controller Setup: Configure the L6562A. Calculate the resistor divider for the feedback pin (FB) to set
the output to 400V. Ensure the Compensation (COMP) pin has an RC network to stabilize the voltage loop.

3. Gate Drive Optimization: Use low-gate-charge MOSFETSs (e.g., STD10NK60Z) to reduce driving losses.
Ensure the traces between the L6385E/L6569 and the MOSFET gates are as short as possible to prevent
oscillation.

4. Ignitor Circuitry: Incorporate a sidac-based or microcontroller-controlled ignitor. This circuit must be isolated
once the lamp has struck to prevent the high-voltage pulses from damaging the sensitive control electronics.

5. Thermal Management: Even at 92% efficiency, a 70W ballast dissipates about 5.6W of heat. Use adequate
copper pours on the PCB or small heatsinks for the PFC MOSFET and the output bridge.

Troubleshooting and Failure Mode Analysis

In technical field repairs, such as those involving Optikinetics K4 Projectorsor industrial high-bay lights, certain
failure patterns emerge. Understanding these is key to rapid repair and robust design.

Common Failure Modes

< MOSFET Destruction: Usually caused by voltage spikes during the ignition phase. Solution: Ensure the 400V
DC bus has adequate snubbing and that the ignitor pulse is strictly localized.

e Bootstrap Diode Failure: In the L6385E high-side driver circuit, the bootstrap diode must be a high-voltage,
ultra-fast recovery type. Using a standard diode will lead to overheating and driver failure.

e Capacitor Aging: Electrolytic capacitors on the 400V bus are subject to high ripple currents. Using low-ESR,
105°C-rated capacitors is mandatory for long-term reliability.

Diagnostic Checklist



Symptom Potential Cause Diagnostic Step

Lamp doesn't strike Ignitor failure or L6562A OVP active Check for 3kV pulse with specialized
probe; check DC bus voltage.

Lamp flickers and goes out Acoustic resonance or aging lamp Verify inverter frequency; test with a
known good lamp.

PFC MOSFET overheating Inductor saturation or poor gate drive Check inductor current waveform with
a current probe.

Strategic Implications for Energy Management

The move toward intelligent lighting involves more than just switching to LEDs. For many specialized applications,
70W HID lamps remain superior due to their point-source nature and high intensity. By utilizing advanced
controllers like the L6562A and L6569, facilities can achieve significant energy savings. The active PFC reduces
the "apparent power" (VA) required from the grid, which often translates directly to lower utility bills for industrial
consumers who are penalized for low power factors.

Furthermore, the ability of electronic ballasts to provide constant power regardless of input voltage fluctuations (the
"wide-range" capability mentioned in AN2838) ensures that lighting remains consistent in regions with unstable
power grids. This reliability is critical for safety-standard compliance in infrastructure such as tunnels, streets, and
large-scale manufacturing plants.

As we look toward the future of lighting, the integration of digital control (MCU-based) with these analog power
stages will allow for dimming capabilities and remote monitoring. However, the fundamental principles of PFC and
low-frequency square wave inversion established by the L6562A/L6569 architecture remain the gold standard for
high-performance HID ballast engineering. By strictly adhering to thermal limits, EMI guidelines, and precise power
regulation, designers can ensure that these lighting systems operate efficiently for their intended 10,000 to 20,000-
hour lifespans.
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