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The ATX (Advanced Technology eXtended) power supply is the heart of modern computing infrastructure.
Transitioning from the older AT standard in the mid-1990s, the ATX specification introduced a sophisticated
architecture designed to handle the increasing complexity of microprocessor power demands. For electrical
engineers, service technicians, and technical writers, understanding the Switching Mode Power Supply (SMPS)
topology used in ATX units is critical for both design optimization and successful field repair. This article provides
an exhaustive analysis of the 400W to 500W ATX power supply ecosystem, breaking down schematics, PFC
circuits, and diagnostic methodologies.

The Theoretical Framework of ATX SMPS Architecture

Modern ATX power supplies operate on the principle of Switching Mode Power Supply (SMPS). Unlike linear
power supplies, which use bulky transformers to step down voltage and dissipate excess energy as heat, SMPS
units use high-frequency switching to convert power with high efficiency. The typical ATX power supply converts
high-voltage AC (230V or 115V) into several regulated low-voltage DC rails: +12V, +5V, +3.3V, -12V, and a +5V
Standby (+5VSB) rail.

The Forward Converter Topology

In many 250W to 400W ATX designs, a Forward Convertertopology is employed. Unlike the simpler Flyback
converter, the forward converter transfers energy from the primary to the secondary side when the switching
transistor (usually a MOSFET) is in the 'ON' state. This requires an additional output inductor to store energy and
maintain current flow during the 'OFF' state. This topology is favored for its scalability and efficiency in mid-range
power outputs.

Power Factor Correction (PFC): Active vs. Passive

As noted in several technical manuals, modern ATX units often include Power Factor Correction (PFC) circuits.
The goal of PFC is to make the power supply look like a purely resistive load to the AC grid, reducing the Reactive
Power and harmonic distortion. There are two primary types:

¢ Passive PFC: Uses large, heavy inductors (chokes) to filter the current. While cost-effective, it is heavy and
only achieves a power factor of 0.70 to 0.80.

» Active PFC: Uses a boost converter circuit (including a dedicated controller IC, MOSFET, and inductor) to
shape the input current. Active PFC can achieve a power factor of 0.99 and allows for Universal Input (90V-264V
AC) without the need for a physical voltage selector switch.

Detailed Technical Analysis of the ATX Schematic

A comprehensive 500W ATX power supply schematic can be divided into several distinct functional blocks.
Understanding these blocks is essential for reading service manuals and performing component-level repairs.

1. Input Stage and EMI Filtering

The input stage begins with an EMI/Transient Filter. This section uses X-capacitors (connected across lines) and



Y-capacitors (connected to ground), along with Common Mode Chokes. The primary purpose is twofold: to
prevent electromagnetic interference generated by the high-frequency switching from leaking back into the mains,
and to protect the internal components from external voltage spikes. This stage also includes an NTC (Negative
Temperature Coefficient) Thermistor to limit the Inrush Current when the bulk capacitors first charge.

2.The Rectifier and Bulk Storage

Following the filter, a Bridge Rectifierconverts the AC sine wave into a pulsating DC voltage. In non-PFC units,
this DC is filtered by two large electrolytic capacitors (typically 470uF to 680uF at 200V each), often arranged in a
voltage doubler configuration for 115V regions. In Active PFC units, a single high-voltage capacitor (e.g., 450V) is
used after the PFC boost stage.

3.The Standby Circuit (+5VSB)

The +5V Standbyrail is a completely independent, low-power SMPS (often a Flyback topology) located within the
main housing. It provides power to the motherboard even when the PC is turned off, allowing for functions like
"Wake on LAN" and the initial power-on signal. Failure of this circuit is a common cause of a "dead" PC that shows
no signs of life.

4. The PWM Control Section

The brain of the ATX power supply is the PWM (Pulse Width Modulation) controller. Common ICs include the
TL494, KA7500, or SG6105. This chip monitors the output voltages via an Optoisolator(to maintain galvanic
isolation) and adjusts the duty cycle of the switching transistors to keep the output rails stable. If the load increases,
the duty cycle widens; if the voltage rises too high, the duty cycle narrows or the chip enters a shutdown mode.

Comparison of Power Supply Performance Metrics

When evaluating ATX power supplies, engineers use a specific set of metrics to determine quality and reliability.
The following table provides a comparison between entry-level 250W units and high-end 500W+ units.



Feature/Metric Entry-Level ATX (250W-300W) Professional/High-End (500W-750W)

Topology Half-Bridge or Forward Two-Switch Forward or LLC Resonant
PFC Type None or Passive Active PFC (0.99 PF)

Efficiency 65% - 75% 85% - 94% (80 Plus Gold/Platinum)
Capacitor Grade Standard (85°C rated) High-Quality Japanese (105°C rated)
Regulation Group Regulated Independent DC-DC Converters
Protections OVP, SCP OVP, UVP, OCP, OTP, OPP, SCP

Operational Protection Mechanisms

A technical manual for a 400W ATX supply lists several critical protection layers:

« OVP (Over Voltage Protection): Triggers if the voltage exceeds a certain threshold (e.g., +12V rail reaching
13.4V).

¢ SCP (Short Circuit Protection): Shuts down the unit immediately if a direct short to ground is detected.

e OCP (Over Current Protection): Prevents the rails from drawing more current than the internal components
can safely handle.

« PWR_OK (Power Good Signal): A +5V signal sent to the motherboard after the internal self-tests pass and
voltages stabilize (usually within 200ms to 500ms).

Step-by-Step Diagnostic and Repair Framework

Repairing an ATX power supply requires a structured approach and extreme caution due to the presence of lethal
high-voltage capacitors. Always ensure the capacitors are discharged before touching the PCB.

Phase 1: Visual and Passive Inspection

1. The Fuse Test: Check the main AC fuse. If blown, do not simply replace it. A blown fuse usually indicates a
shorted Bridge Rectifier or switching MOSFET.

2. Capacitor Inspection: Look for "bulging" or leaking electrolytic capacitors on the secondary side. This is the
most frequent cause of ripple issues and instability.

3. Solder Joint Analysis: Inspect the underside of the PCB for "dry" joints or heat-discolored traces, especially
around the high-wattage resistors and transformers.

Phase 2: Active Testing (The Load Test)

An ATX power supply will generally not start without a load or a trigger signal. To force the unit to turn on, short the
PS_ON (Green wire) to any Ground (Black wire)on the 24-pin connector. It is highly recommended to use a
"dummy load" (such as high-power resistors) during testing to ensure the regulation circuit functions correctly.

Phase 3: Mathematical Troubleshooting of Output Rails

When measuring output, the Voltage Rippleis a key indicator of health. Ripple should be measured with an
oscilloscope. The mathematical limit for the +12V rail is 120mV peak-to-peak, while the +5V and +3.3V rails should
not exceed 50mV.

The efficiency of the unit can be calculated using the following formula:



Where P_out is the DC wattage delivered to the components and P_inis the AC wattage drawn from the wall. A
400W unit drawing 500W from the wall has an efficiency of 80%.

Case Study: Failure Analysis of a 500W PFC Schematic

In a common scenario documented in service manuals, a 500W unit fails to start despite the +5VSB being present.
Upon schematic analysis, the fault is often found in the Startup Resistornetwork. These high-value resistors
(usually in the 150k:s to 330k:* range) provide the initial bias voltage to the PWM controller. Over years of thermal
cycling, these resistors can go "open circuit." Since they are only used during the initial millisecond of startup, the
power supply will fail to turn on once powered down, even if it was previously running perfectly.

Secondary Rail Cross-Loading Issues

In older "Group Regulated" designs found in the 250W to 400W range, the +12V and +5V rails share a single
inductor. If a modern system draws heavily from the +12V rail while drawing almost nothing from the +5V rail (cross-
loading), the +5V rail may rise out of spec, triggering the OVP. This highlights why modern technical manuals
recommend DC-DC conversion for the minor rails in newer high-performance builds.

Practical Implementation and Safety Protocols

Field technicians must adhere to strict safety standards when servicing switching power supplies. The primary side
bulk capacitors can hold a charge of 340V DC long after the unit is unplugged.

Essential Tooling for ATX Maintenance
« Digital Multimeter (DMM): For checking rail voltages and continuity.
* Oscilloscope: Necessary for detecting high-frequency noise and ripple.
« Isolation Transformer: Critical for safety when probing the primary side with grounded test equipment.
« ESR Meter: Used to test the health of electrolytic capacitors without removing them from the circuit.
e Variable AC Transformer (Variac): Allows for slowly bringing up the voltage to identify shorts without
catastrophic failure.

Summary and Broader Implications

The ATX power supply remains a cornerstone of electronic engineering, blending high-voltage AC management
with precision DC regulation. From the implementation of Active PFC to the use of sophisticated PWM controllers
like the TL494, these units represent a mature yet complex technology. For those utilizing service manuals and
schematics—whether for the repair of a 250W office unit or the maintenance of a 500W industrial power supply—a
deep understanding of SMPS topology and protection logic is indispensable.

As global energy standards like Energy Star and 80 Pluscontinue to evolve, the engineering focus is shifting
toward even higher efficiency and lower standby power consumption. Technical documentation must reflect these
changes, emphasizing the move from passive components to integrated silicon solutions that manage power
delivery with surgical precision. By mastering the schematics and functional workflows outlined in this guide,
technical professionals can ensure the longevity and reliability of the critical systems they support.
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