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CHAPTER 1 • IPM SILICON ARCHITECTURE

Sanyo / ON Semi STK621-043D-E High-Power Hybrid IPM

Package / Class: SIP-29 Insulated Metal Substrate (IMS) | Ratings: 600V / 30A | Primary Target: Voltas, Blue Star
& Daikin 2.0 Ton Industrial Outdoor Inverter Units.

Pinout & Internal Substrate Layout

The STK621-043D-E uses an aluminum insulated metal substrate providing exceptional thermal conductivity. It
incorporates 6 discrete N-channel IGBTs with fast recovery anti-parallel freewheeling diodes, high-voltage level
shifters, and integrated thermistor sensing.

Pin No Pin Name Circuit Role & Live Voltage Cold DMM Diode Drop (to P / N)

Pin 1, 2, 3
VB(U), VB(V),
VB(W)

High-side floating bootstrap power
(+15V above phase)

0.62V forward drop from VCC to VB via
internal bootstrap diode

Pin 8, 9,
10

HIN(U, V, W)
High-side 5V/3.3V logic inputs from
MCU

Infinite to GND (>10 MΩ); <0.8V logic low,
>2.5V logic high

Pin 14 VTH / THERM
Internal 10kΩ NTC Heatsink Thermistor
output

Nominal 2.48V at 25°C (10.0kΩ reference)

Pin 16,
17, 18

LIN(U, V, W)
Low-side 5V/3.3V logic inputs from
MCU

Pull-down 100kΩ internal; normal idle level
0.0V DC

Pin 24,
25, 26

U, V, W Output 3-Phase Motor Inverter Phase Terminals 0.48V (Red probe on N, Black on U/V/W)

Pin 28, 29
P (+310V DC) / N
(GND)

Main DC Bus High Voltage Rail 0.48V (Red probe on U/V/W, Black on P)

Bench Diagnostics & Specific Failure Signatures

The predominant failure in STK621-043D-E is the bonding wire delamination on Pin 28 (P-bus) due to cyclic high
current surges during compressor stall. When this occurs, the IPM shows perfect low-voltage logic response, but
under motor load, the high-side rail collapses, triggering intermittent overcurrent trips (Voltas P0 or Daikin L5).

Bench Protocol: Probe between Pin 14 (VTH) and Pin 15 (VSS). If the internal NTC thermistor shows open circuit
(>500kΩ) or short (<100Ω), the outdoor MCU will lock out the compressor immediately upon power-on. Install a
10kΩ 1% metal film resistor across Pin 14 and 15 to bypass thermistor lockout during diagnostic testing.
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CHAPTER 2 • IPM SILICON ARCHITECTURE

Infineon IKCM15F60GA CIPOS Mini DIP-24 IPM

Package / Class: DIP-24 Dual-in-Line Transfer Molded | Ratings: 600V / 15A TrenchStop IGBTs | Primary Target:
LG ThinQ Dual Inverter & Samsung Digital Inverter 1.5 Ton Units.

Internal Gate Drive & Low-Loss TrenchStop Technology

The Infineon IKCM15F60GA utilizes advanced TrenchStop IGBTs paired with an SOI (Silicon-on-Insulator) gate
driver that exhibits complete immunity to negative transient voltages on the output phase nodes (up to -50V
transient tolerance).

Pin Group Pin Identifiers Functional Benchmark Live Fault Voltage Trigger

High-Side
Inputs

Pins 7, 8, 9 (HIN1, 2,
3)

Active HIGH CMOS/LSTTL logic
(3.3V / 5.0V compatible)

Stuck HIGH (>2.2V permanent) causes high-
side shoot-through

Fault Output Pin 12 (VFO)
Open-drain active LOW with
integrated thermistor

0.0V indicates active internal fault or over-
temperature

Current Trip Pin 13 (ITRIP)
Overcurrent comparator input
(threshold 0.47V)

Voltage > 0.47V triggers immediate 15-
microsecond hardware shutdown

Emitter
Shunts

Pins 17, 18, 19 (NU,
NV, NW)

Three split low-side emitter pins
for 3-shunt sensing

Balanced 0.020Ω shunt resistance across all
three phase returns

Phase
Outputs

Pins 21, 22, 23 (W,
V, U)

Direct compressor terminal feeds
Diode test: 0.42V - 0.46V across all 6
internal freewheeling diodes

Cold Resistance Benchmark Matrix

Perform the 6-step diode drop test using a DMM in Diode Test Mode (with DC bus discharged to 0V):

Positive Rail (P - Pin 24) to Outputs (U, V, W): Red probe on U, V, W; Black probe on P ➔ Expected reading:
0.440V ± 0.025V. Reverse probes ➔ Open Loop (OL).

Negative Rail (NU, NV, NW) to Outputs (U, V, W): Red probe on NU/NV/NW; Black probe on U, V, W ➔
Expected reading: 0.445V ± 0.025V. Reverse probes ➔ Open Loop (OL).

LG Inverter Field Note (CH21 Error): If any phase measures less than 0.200V or 0.000V dead short, the TrenchStop
IGBT gate oxide has ruptured. Always replace the 3 SMD 100Ω gate drive buffer resistors and the LM358 current
sensing op-amp whenever this IPM is replaced!
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CHAPTER 3 • IPM SILICON ARCHITECTURE

Infineon IKCM20F60GA CIPOS Mini 20A Heavy-Duty IPM

Package / Class: DIP-24 High-Current Leadframe | Ratings: 600V / 20A | Primary Target: Heavy Commercial 2.0
Ton / 2.5 Ton Inverter AC Outdoor Boards.

High-Current Shunt Topology & Differential Thermal Analysis

The IKCM20F60GA delivers 33% higher current handling than the 15A variant, utilizing a copper heat-slug
exposed directly beneath the transfer-molded epoxy body. It handles starting torque currents up to 40A peak for
rotary compressors.

Testing Parameter
Standard Factory
Reading

Degraded / Damaged
Reading

Diagnostic Implication

Bootstrap Diode Vf (Pins 1, 2,
3 to Pin 16)

0.58V - 0.65V forward
drop

0.00V (short) or OL
(open diode)

Loss of high-side gate power;
U-phase failure

ITRIP Threshold Voltage (Pin
13)

0.00V DC at idle; 0.15V at
load

>0.47V continuous DC
Shunt resistor value increased
or blown open

VFO Pull-Up Rail (Pin 12)
+5.0V DC (via external
10kΩ pull-up)

0.0V DC with cool
heatsink

Internal thermal shutdown
circuit locked

Gate Input Impedance (Pins
7, 8, 9, 10, 11)

1.2 MΩ to Logic GND (Pin
15)

< 500 Ω
MCU PWM pins destroyed by
HV backfeed

Critical Heatsink Clamping Protocol

Due to the rigid DIP-24 copper slug, uneven screw torque creates microscopic air gaps leading to thermal
runaway within 3 minutes of compressor ramp-up. Tighten the two M3 screws alternately: Screw A to 0.2 N·m ➔
Screw B to 0.2 N·m ➔ Final torque Screw A & B to 0.6 N·m.

Pro-Tip: Never use zinc-oxide generic thermal grease on 20A CIPOS modules. Use non-curing, high-viscosity
synthetic thermal grease with thermal conductivity > 4.5 W/m·K.
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CHAPTER 4 • IPM SILICON ARCHITECTURE

Fairchild / ON Semi FSBB30CH60C Motion SPM 3 Series

Package / Class: SPM27-EC 27-Pin Heavy Leadframe | Ratings: 600V / 30A Short-Circuit Rated IGBTs | Primary
Target: Industrial Ductable & VRF Inverter Outdoor Units.

Multi-Layer DBC Substrate & Optocoupler Interface

The FSBB30CH60C uses a Direct Bonded Copper (DBC) ceramic substrate providing 2500Vrms galvanic isolation. It
is engineered specifically for active high-voltage PWM drives with ultra-fast soft recovery diodes.

Functional
Block

Pin Allocation Signal Characteristics Component-Level Troubleshooting

High-Side
Floating Supply

Pins 1, 5, 9 (VB(U),
VB(V), VB(W))

+15V DC referenced to U, V,
W

Measure across VB(U) and U. If <13.5V,
replace 22uF 50V 105°C low-ESR capacitor

Logic Inputs
(Active LOW)

Pins 13, 14, 15
(IN(UH), IN(VH),
IN(WH))

Active LOW logic (0V = ON,
5V = OFF)

NOTE: Unlike CIPOS, this module uses
ACTIVE LOW logic. MCU sends 0V to fire
IGBT!

Fault Signal
(FOD / FO)

Pin 19 (VFO)
Integrated fault clearing time
via cap on Pin 18 (CFOD)

Check 33nF SMD capacitor on Pin 18. If
leaky, fault clears prematurely or never
latches

Current Sense
Input

Pin 20 (CSC)
Short circuit trip threshold:
0.50V

RC low-pass filter (1kΩ + 2.2nF) must be
intact to filter PWM switching spikes

Main DC Bus
Rails

Pin 27 (P), Pins 24,
25, 26 (NU, NV, NW)

310V - 380V DC Bus link
Check for burning around Pin 27 creepage
slot on PCB

Active-Low vs Active-High Diagnostic Trap

Technicians familiar with CIPOS modules often misdiagnose FSBB30CH60C boards. Because inputs are Active-
LOW, pulling an input pin to 5V turns the IGBT OFF. Disconnecting the MCU ribbon cable causes all inputs to float
HIGH (OFF state), allowing safe offline DC bus power-up without accidental shoot-through.

Warning: Always check the CFOD timing capacitor (Pin 18). If the fault capacitor is open, the IPM cannot latch the
shutdown signal during an overcurrent event, causing immediate silicon explosion.
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CHAPTER 5 • IPM SILICON ARCHITECTURE

Mitsubishi PS21964-4S Super mini DIPIPM Series

Package / Class: DIP-25 Super mini transfer mold | Ratings: 600V / 15A CSTBT Silicon | Primary Target:
Mitsubishi Electric, O General & Panasonic Premium Inverter Air Conditioners.

CSTBT (Carrier Stored Trench-Gate Bipolar Transistor) Technology

The PS21964-4S incorporates Mitsubishi's proprietary CSTBT cell structure, drastically reducing on-state saturation
voltage (Vce(sat) = 1.7V at 15A) and cutting switching losses by 25%. It integrates internal bootstrap diodes with
current-limiting resistors.

Terminal
Function

Pin Numbers
Operating Voltage
Benchmark

Troubleshooting Step

Control Power
VCC

Pins 4, 17 (VCC) +15.0V DC ± 10%
If VCC < 12.5V, internal Under-Voltage Lockout (UVLO)
shuts down module

Bootstrap
Resistors

Internal to Pins 1,
2, 3

Integrated 100Ω
current limiting

Measure resistance between Pin 17 (VCC) and Pin 1 (P-
side bootstrap). Should read ~100Ω

Fault Output Pin 16 (FO)
Open-collector (5V
pull-up)

Internal thermal trip triggers at 100°C baseplate
temperature

Phase
Terminals

Pins 21 (U), 22 (V),
23 (W)

PWM 3-phase sine
output

Balanced winding balance: ±0.05V diode drop across
all 3 phases

DC Negative
Rail

Pins 18, 19, 20 (NU,
NV, NW)

Current sense returns
Inspect trace integrity between NU/NV/NW and
ground star-point

Integrated Bootstrap Failure Analysis

In standard IPMs, external high-voltage fast-recovery diodes are used for bootstrap charging. In the PS21964-4S,
these diodes are embedded inside the silicon. If a high-voltage surge enters the motor lines, the internal
bootstrap diode shorts directly to the +15V VCC rail, blowing the board's 7815 voltage regulator and destroying
the outdoor microcomputer.

Mitsubishi Diagnostic Check: With power disconnected, measure resistance between Pin 17 (VCC) and Pins 1, 2, 3
(Bootstrap pins). If resistance is less than 50Ω in either direction, the internal bootstrap diodes are shorted. Replace
the DIPIPM and the 7815 regulator.

8/15/26, 9:49 PM



Elite Inverter AC IPM Diagnostics Masterclass (Zero Repetition Edition) • Page 7 of 55

CHAPTER 6 • IPM SILICON ARCHITECTURE

Mitsubishi PS21965-4 High-Capacity Super mini DIPIPM (20A)

Package / Class: DIP-25 Heavy Leadframe | Ratings: 600V / 20A | Primary Target: O General & Mitsubishi Heavy
2.0 Ton / 2.2 Ton Inverter Outdoor Units.

High-Power CSTBT Switching & Snubber Circuit Profiling

Operating with heavy 2.0 Ton rotary and scroll compressors, the PS21965-4 experiences severe inductive flyback
spikes on the DC bus. It requires an ultra-low inductance snubber capacitor (typically 0.1uF 630V Polypropylene
film) placed within 15mm of the P and N pins.

Inspection Point Target Parameter Fault Tolerance Corrective Action

DC Bus Snubber
Cap

0.1uF / 630V MKP
Capacitance > 0.08uF, ESR <
0.05Ω

Replace with high-dI/dt pulse film
capacitor if bulged

Gate Dead-Time
2.0 microseconds
minimum

< 1.5 us causes shoot-through
Verify MCU PWM dead-band timing on
oscilloscope

Emitter Return
Shunts

0.015Ω 5W 1%
Tolerance

Must match across all 3
channels

Replace all 3 shunts if any single shunt
drifts by >5%

Substrate
Resistance

Baseplate to Pins >
100 MΩ

< 10 MΩ indicates insulation
breakdown

Megger test at 500V DC before
mounting to heatsink

Thermal Degradation & Solder Fatigue

Due to high thermal mass, the U, V, W output pins (Pins 21, 22, 23) suffer ring-cracking on double-sided AC PCBs
after 3-5 years of vibration. Inspect under 20x magnification. Re-solder using 60/40 leaded or SAC305 lead-free
solder with extra RMA flux paste.

Caution: Do not operate the PS21965-4 without its aluminum heatsink firmly screwed down, even for 5 seconds of
bench testing! The CSTBT silicon has extremely high power density and will reach 150°C junction failure in under 4
seconds without heatsink mass.
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CHAPTER 7 • IPM SILICON ARCHITECTURE

ON Semiconductor FNB41560 Motion SPM 45 Series

Package / Class: SPM26-AA Dual-in-Line Molded | Ratings: 600V / 15A Field-Stop IGBTs | Primary Target:
Panasonic Inverter (Econavi) & Carrier Inverter 1.5 Ton Units.

Built-In Bootstrap Diodes with LDO Gate Drive

The FNB41560 incorporates monolithic bootstrap diodes with integrated 20V Zener clamp diodes on the gate
inputs, protecting the module from ESD and inductive ringing spikes up to 2kV.

Pin Label Pin Number Normal Bench Reading Fault Symptom

VCC(UH, VH,
WH)

Pins 2, 6, 10 +15.0V DC to Logic Ground
If any rail drops to 0V, high-side IGBT for that phase
stays dead

VFO Pin 13 +5.0V DC (Logic High)
Pulls to 0.0V DC when overcurrent or UVLO is
triggered

CSC Pin 15 0.0V DC unpowered
Trip threshold 0.50V. Check 0.02Ω current sense
resistor

VTS Pin 16
1.2V - 3.8V proportional to
temp

Analog thermistor voltage output directly read by
MCU ADC pin

Output (U, V,
W)

Pins 24, 25,
26

Diode drop 0.44V to P (Pin
27)

If any output shows <0.2V drop, the field-stop IGBT is
shorted

Panasonic H16 / Carrier P0 Diagnostic Workflow

When the outdoor PCB indicates an IPM fault on an FNB41560 board, first check the VTS (Pin 16) analog
temperature feed. If the internal thermistor fails open, Pin 16 rises to 5V, tricking the MCU into believing the
heatsink is at 130°C and locking out the compressor with zero motor output.

Field Repair Hack: If Pin 16 is stuck at 5V due to internal thermistor open-circuit, solder an external 10kΩ NTC
thermistor between Pin 16 and Ground (Pin 14) and glue it to the heatsink. This restores full temperature
monitoring without replacing the costly IPM.
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CHAPTER 8 • IPM SILICON ARCHITECTURE

ON Semiconductor FNA41560 Low-Thermal Resistance SPM 45

Package / Class: SPM26-AA Direct-Exposed Copper Heat-Pad | Ratings: 600V / 15A | Primary Target: Panasonic
1.5 Ton 5-Star & Haier Premium Inverter ACs.

Direct Exposed Heatsink Pad Diagnostics

The FNA41560 is structurally identical to the FNB41560 but features an exposed metal baseplate offering an ultra-
low junction-to-case thermal resistance (Rth(j-c) = 2.4°C/W). It is designed for compact outdoor chassis where
airflow is restricted.

Diagnostic
Parameter

FNA41560 Standard Failure Condition Remediation

Baseplate Isolation > 500 MΩ to all pins
< 50 MΩ (Internal
ceramic crack)

Replace IPM immediately; lethal DC bus
voltage on heatsink!

Bootstrap Cap
Charging

+15V on Pins 1, 5, 9
< 11V during PWM
switching

Replace 10uF 50V SMD electrolytic
bootstrap capacitors

Gate Input HIN/LIN
3.3V Logic
compatibility

Input impedance < 50kΩ
Check 3.3V MCU digital buffer IC (74HC08 /
74HC14)

Phase Balance
Ratio

< 2% delta between U,
V, W

> 5% delta in phase
resistance

Compressor winding unbalance or IGBT
gate leakage

Substrate Crack Detection Protocol

Because the copper heat-pad is exposed, overtightening the PCB mounting screws creates mechanical torque that
cracks the internal Al2O3 ceramic substrate. Test with a multimeter in Resistance Mode: probe between the metal
heatsink tab and Pin 27 (P-bus +310V). Reading MUST be Infinite (>100 MΩ). Any finite resistance indicates a
cracked substrate.

Safety Critical: A cracked substrate electrifies the entire aluminum heatsink with +310V DC mains power, posing a
severe shock hazard to technicians!
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CHAPTER 9 • IPM SILICON ARCHITECTURE

STMicroelectronics STGIPS10K60A SLLIMM Series

Package / Class: SDIP-25L Small Low-Loss Intelligent Molded Module | Ratings: 600V / 10A Trench-Gate Field-
Stop | Primary Target: 1.0 Ton Compact Inverter Split ACs & Inverter Window ACs.

Integrated Uncommitted Operational Amplifier Circuitry

The STGIPS10K60A incorporates a built-in uncommitted operational amplifier for advanced current sensing,
eliminating external dual op-amp ICs on the PCB.

Pin Label Pin No Internal Connection Voltage & Signal Level

OPAMP+ /
OPAMP-

Pins 13,
14

Internal op-amp non-inverting &
inverting inputs

Connected across external shunt; millivolt
differential

OPAMP OUT Pin 15
Internal op-amp amplified output
to MCU ADC

0.0V DC at rest; 0.5V - 2.5V DC dynamic during
motor run

SD / FAULT Pin 16
Combined Shutdown Input and
Fault Output pin

Open-drain: pull HIGH to 3.3V/5V for normal
operation; pull LOW to disable

VBOOT(U,V,W)
Pins 1, 2,
3

High-side bootstrap rail
Requires external high-voltage bootstrap diodes
(1N4937 / US1M)

Motor Out
Pins 23,
24, 25

U, V, W Phases
Diode drop 0.46V to DC+ (Pin 22); 0.46V to DC-
(Pin 19)

Troubleshooting the Integrated Op-Amp

If the compressor starts, runs for 8 seconds, and then trips on overcurrent, check Pin 15 (OPAMP OUT). If Pin 15 is
stuck at 3.3V or 5.0V even with the compressor stopped, the internal op-amp has failed. The MCU interprets this
as full motor stall current and kills PWM drive immediately.

Diagnostic Tip: Pin 16 is a bi-directional Smart Shutdown pin. If the external MCU drives Pin 16 LOW, the IPM gate
drivers are completely inhibited. Verify Pin 16 is at +5V before assuming the IPM is defective.
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CHAPTER 10 • IPM SILICON ARCHITECTURE

STMicroelectronics STGIPS20C60 SLLIMM 20A Power Module

Package / Class: SDIP-25L Heavy Copper Base | Ratings: 600V / 20A Short-Circuit Rugged (10us) | Primary
Target: Heavy 1.5 Ton & 2.0 Ton Multi-Split Inverter Outdoor Boards.

Short-Circuit Withstand Time & Fault Latching

The STGIPS20C60 features a guaranteed 10-microsecond short-circuit withstand time (tSC = 10us at 400V bus,
150°C), making it one of the most rugged modules against dirty Indian power grids and compressor phase-to-
ground flashovers.

Test Vector Normal Condition
Degraded / Damaged
Condition

PCB Level Diagnostic

Bootstrap
Diodes

External diodes on
PCB

Shorted / Leaky bootstrap
diodes

Test 3 SMD diodes near IPM (typically marked
M7 / US1M)

SD / OD Pin +3.3V / +5.0V DC 0.0V DC latched
Check SMD ceramic capacitor on Pin 16 for
short circuit

CIN
Comparator

Threshold = 0.51V DC voltage > 0.51V at rest
Check current sensing divider network and
shunt resistor

VCC Supply +15.0V DC (±0.5V)
< 13.0V DC or noisy (>200mV
ripple)

Replace 100uF 35V filter cap on 15V power
rail

Diagnostic Isolation Procedure

To isolate whether a shutdown is triggered by external PCB components or internal IPM silicon: lift Pin 16
(SD/FAULT) from the PCB pad. If the pin stays at 0V internally while unpowered, the internal comparator has failed.
If the pin rises to 5V via an external resistor, the fault is coming from an external sensor circuit on the PCB.

Warning: Never tie Pin 16 permanently to +5V to bypass protection! Doing so disables the 10us hardware
shutdown, resulting in explosive silicon vaporization if a compressor winding shorts.
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CHAPTER 11 • IPM SILICON ARCHITECTURE

ROHM Semiconductor BM63764S-VA High-Reliability IPM

Package / Class: HRP7 Compact Surface-Through Hybrid | Ratings: 600V / 15A Super Junction IGBT | Primary
Target: Daikin & Hitachi Japanese Domestic Market (JDM) Inverter Imports.

Super-Junction Low-Vce Technology & 3.3V Logic Interface

The BM63764S-VA is built around super-junction technology, minimizing gate capacitance (Cies) and allowing
direct drive from 3.3V microcontrollers without intermediate buffer stages.

Pin Function Pin Numbers Key Parameter Benchmark Circuit Action

Logic Inputs
Pins 8-13
(HIN/LIN)

High impedance CMOS
(Threshold: 1.5V)

Driven directly from MCU PWM ports via 100Ω
damping resistors

VFO /
Diagnostic

Pin 14
Pulse-width modulated fault
code

Pulses fault code frequency indicating specific
fault type to MCU

Bootstrap
Inputs

Pins 1, 3, 5 +15V floating supply rail
Requires low-leakage 47uF ceramic MLCC or
high-temp electrolytic

Motor
Terminals

Pins 21, 22, 23 (U,
V, W)

Phase output to BLDC
compressor

Forward voltage drop 0.42V on all 6 reverse
recovery diodes

PWM Fault Code Decoding via Pin 14

Unlike standard IPMs with simple binary fault outputs, the BM63764S-VA outputs a specific pulse stream on Pin
14: a continuous LOW indicates Short-Circuit Overcurrent; a 50Hz square wave indicates Thermal Overload
(110°C); a 100Hz square wave indicates Control Supply Under-Voltage (UVLO).

Oscilloscope Pro-Tip: Connect an oscilloscope to Pin 14. If you observe a 50Hz square wave, do not replace the
IPM—check for dry heatsink thermal compound or a dead outdoor condenser fan motor!
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CHAPTER 12 • IPM SILICON ARCHITECTURE

Infineon IGCM10F60GA CIPOS Mini Compact 10A Module

Package / Class: DIP-24 Fully Insulated Molded | Ratings: 600V / 10A TRENCHSTOP IGBTs | Primary Target:
Voltas, Lloyd & Godrej 1.0 Ton / 1.2 Ton Energy Efficient Units.

Low-Power High-SEER Inverter Optimization

Designed for compact, ultra-quiet 1.0 Ton residential inverters, the IGCM10F60GA offers ultra-fast switching
speeds (up to 20kHz PWM carrier frequency) without excessive EMI radiation.

Circuit
Block

Test Terminal Normal Measurement Abnormal Indicator

DC Bus Rail
Pins 24 (P) and 17
(N)

Diode check: OL forward,
0.48V reverse

< 0.1V indicates blown high-side/low-side pair

Bootstrap
Rails

Pins 1, 2, 3 to
Phase Pins

+15.0V DC when running
< 13.0V causes high switching dissipation and
IPM burnout

ITRIP Sense Pin 13 0.00V DC (Threshold: 0.47V)
If shunt resistor is cracked, voltage floats to 5V,
locking out board

Logic
Ground

Pin 15 (VSS) 0.00V to Main Board Ground
Trace burning between VSS and power ground
causes floating logic

Bootstrap Capacitor Sizing & ESR Matching

In 1.0 Ton boards using IGCM10F60GA, manufacturers often use 10uF 50V miniature electrolytic capacitors. Due to
proximity to the hot heatsink, these capacitors dry out after 2-3 seasons, their ESR climbs from 0.5Ω to >8Ω,
starving the high-side gate drivers of current.

Standard Repair Protocol: Always replace all three bootstrap capacitors with 105°C or 125°C low-ESR capacitors
(e.g., Rubycon YXF or Nichicon PW series) whenever servicing an IGCM10F60GA board.
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CHAPTER 13 • IPM SILICON ARCHITECTURE

Infineon IGCM20F60GA CIPOS Mini 20A Power Variant

Package / Class: DIP-24 Heavy Copper Leadframe | Ratings: 600V / 20A | Primary Target: Voltas, Blue Star &
Carrier 2.0 Ton Inverter Air Conditioners.

High-Power Active PFC Coordination

The IGCM20F60GA operates in tandem with an active Power Factor Correction (PFC) boost stage that elevates the
DC bus voltage to 380V DC under heavy summer load. It must withstand continuous 380V DC ripple currents
without dielectric breakdown.

Parameter Target Benchmark Failure Mode Verification Test

DC Bus Voltage (P
to N)

310V DC (Idle) ➔ 380V DC
(PFC Active)

PFC failure causes bus to
sag to <260V

Measure DC bus voltage while
compressor accelerates

Thermistor Output
(Pin 14)

2.5V at 25°C (10kΩ NTC)
Voltage > 4.5V (Open) or
0V (Short)

Measure resistance between Pin 14
and Pin 15 (GND)

Phase Resistance
(U-V-W)

Balanced 1.2Ω to 2.8Ω per
phase

Unbalance > 0.2Ω
Measure winding resistance at
compressor disconnect plug

Gate Driver VCC +15V DC clean supply High ripple (>0.5V AC)
Check 100uF 35V filter cap near 7815
regulator

Active PFC Boost Stage Interaction

When the outdoor PCB active PFC stage (IGBT + Boost Diode + PFC Choke) malfunctions, it generates high-
voltage inductive transients (>650V peak). These spikes exceed the Vces rating of the IGCM20F60GA, puncturing
the U, V, or W high-side IGBTs.

Pro-Tip: Before installing a new IGCM20F60GA, ALWAYS test the PFC IGBT (usually a 30A 650V discrete TO-247
transistor) and the fast-recovery boost diode. If the PFC IGBT is leaky, your new IPM will blow within 30 seconds of
compressor startup!
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CHAPTER 14 • IPM SILICON ARCHITECTURE

Sanken MDC100-16 Commercial VRV/VRF Diode/Thyristor Block

Package / Class: Isolated Power Module Block | Ratings: 1600V / 100A | Primary Target: 3-Phase Commercial
VRV / VRF Inverter Systems (Daikin VRV, Mitsubishi City Multi).

3-Phase Mains Rectification & Soft-Start Inrush Contactor Block

In commercial VRF/VRV systems, the MDC100-16 acts as the heavy-duty input bridge rectifier and soft-start
inrush controller. It rectifies 415V 3-phase AC into +600V DC to feed the massive inverter power stage.

Terminal Function Cold Test Benchmark Live Voltage Measurement

Terminals 1, 2, 3 3-Phase AC Input (R, S, T)
Diode drop 0.42V to Positive
Terminal

415V AC Phase-to-Phase (±10%)

Terminal 4 (+)
Main DC Positive Bus
Output

Open loop to AC inputs
when reversed

+580V to +620V DC steady state

Terminal 5 (-)
Main DC Negative Bus
Return

Diode drop 0.42V from
Negative to AC

0.0V DC Reference

Gate Terminals
(G1, G2)

Thyristor trigger gates for
soft-start

Gate resistance: 15Ω to 45Ω
Pulse trigger voltage +5V DC from
relay control board

Soft-Start Inrush Resistor Bypass Failure

Commercial VRV boards use a high-wattage ceramic cement resistor (typically 50Ω 100W) to limit inrush current
while the 4700uF DC filter capacitors charge. Once charged, the MDC100-16 internal thyristor or a heavy
contactor bypasses the resistor. If the thyristor gate fails to trigger, the soft-start resistor carries full compressor
current and burns open with intense heat.

Warning: Never touch the DC bus terminals on a 3-phase VRF system without verifying with a 1000V DC meter
that voltage has decayed below 10V. These systems store over 150 Joules of lethal energy!

8/15/26, 9:49 PM



Elite Inverter AC IPM Diagnostics Masterclass (Zero Repetition Edition) • Page 16 of 55

CHAPTER 15 • IPM SILICON ARCHITECTURE

Sanken SLA6805M Inverter BLDC Fan Motor Driver IPM

Package / Class: ZIP-24 Single In-Line Molded | Ratings: 600V / 3A MOSFET Integrated Inverter | Primary
Target: Outdoor Condenser BLDC Fan Motors & Indoor DC Fan Drives.

Integrated 3-Phase MOSFET Inverter for BLDC Fans

Unlike compressor IPMs that utilize IGBTs, the SLA6805M uses six high-speed Power MOSFETs (Rds(on) = 1.75Ω)
optimized for fractional-horsepower (30W - 120W) brushless DC fan motors.

Pin Group Pin Labels Operating Benchmark Failure Symptoms

MOSFET Phase
Outputs

Pins 18 (U), 20
(V), 22 (W)

Diode drop: 0.52V to DC- (Pin 16)
via body diode

Fan motor twitches, jerks, or rotates
backwards

Hall Sensor
Interface

Pins 5, 7, 9 (HU,
HV, HW)

Square wave 0V to 5V from motor
Hall ICs

Missing Hall pulse causes instant outdoor
fan motor lockout

Speed Control
Input

Pin 11 (VSP)
0V (Stop) to 5.0V DC (Max RPM)
analog input

If VSP > 1.5V but motor does not turn,
SLA6805M is dead

FG Speed
Feedback

Pin 13 (FG)
Digital frequency pulses
proportional to RPM

If FG line is open, MCU assumes motor is
locked and trips error

Outdoor Condenser Fan Motor Lockout Triage

When the outdoor fan motor fails to spin, technicians frequently replace the expensive DC fan motor. To prove
whether the motor or the SLA6805M driver is at fault: measure the 5 core wires going to the fan motor. Red
(+310V DC), Black (GND), White (+15V DC logic), Yellow (VSP speed command 1-5V), Blue (FG pulse). If +310V,
+15V, and 3.0V on Yellow are present but the motor does not turn, measure diode drops on the SLA6805M
output pins. A shorted MOSFET body diode on Pin 18, 20, or 22 locks the motor rotor electrically.

Bench Diagnostic: Unplug the fan motor and rotate the shaft by hand. If it feels stiff/notchy with the PCB plugged
in, but spins freely with the PCB disconnected, the SLA6805M has a shorted high-side and low-side MOSFET!
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CHAPTER 16 • BRAND ERROR CODE MASTERCLASS

Daikin Inverter AC: U4 Communication & L5 IPM Overcurrent

Brand: Daikin Airconditioning | Target Systems: FTKF, FTKC, FTKM & Urusara Inverter Series | Controller
Architecture: Renesas / Panasonic Dual MCU.

Daikin U4 Error: Serial Communication Protocol & Circuit Triage

Daikin utilizes an asynchronous current-loop serial communication protocol over wire 3 (relative to Neutral). The
carrier voltage is +35V to +42V DC pulsating.

Test Step Probing Location
Normal Voltage /
Waveform

Fault Indicator & Action

1. DC Carrier Voltage
Indoor / Outdoor Terminal 3
to Terminal 2 (N)

Fluctuating between
+28V DC and +40V DC

0V DC = Blown fuse or open 3.3kΩ
2W resistor on outdoor PCB

2. Outdoor Receiver
Optocoupler

PC1 (PC817) Pins 1-2 (LED
input)

Pulsing 1.1V - 1.2V DC
0.0V DC = Leaky 10uF 50V filter cap
or open zener diode ZD1

3. Outdoor
Transmitter
Optocoupler

PC2 (PC817) Pins 3-4
(Phototransistor)

Square wave pulses to
MCU RX pin

Stuck at +5V = Optocoupler
phototransistor degraded; replace
PC817

Daikin L5 Error: IPM Hardware Inverter Instantaneous Overcurrent

Daikin's L5 error triggers when the hardware comparator on the outdoor board detects that motor current
exceeds 22A for longer than 3 microseconds.

1. Disconnect Compressor: Remove the 3-pin compressor plug from the outdoor PCB. Power up the unit and
set to cooling mode. If the L5 error appears immediately upon relay click without the compressor connected,
the IPM has an internal short circuit or the current sensing amplifier (IC301 - LM393) has a shifted reference
voltage.

2. Current Sense Divider Check: Locate the two precision resistors (R312 - 10.0kΩ 0.1% and R314 - 1.50kΩ
0.1%) near the comparator. If lightning or moisture caused either resistor to drift by even 100Ω, the
comparator triggers false L5 trips.

3. Compressor Winding Check: If the board passes offline tests but throws L5 after 15 seconds of compressor
run, measure compressor winding resistance across U-V, V-W, W-U. All 3 must match within 0.05Ω (typically
0.85Ω for Daikin 1.5 Ton swing compressors).

Daikin Factory Warning: Daikin Swing Compressors use neodymium magnets that lose magnetism if overheated
above 140°C. A de-magnetized rotor draws 300% normal current, causing immediate L5 trips even with a brand
new outdoor PCB!
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CHAPTER 17 • BRAND ERROR CODE MASTERCLASS

LG ThinQ Dual Inverter: CH05 Communication & CH21 IPM Peak
Current

Brand: LG Electronics | Target Systems: DualCool, ThinQ Smart Inverter Series | Controller Architecture:
Micronas / LG Proprietary SoC.

LG CH05 Communication Failure Analysis

LG ThinQ ACs use a bi-directional UART communication circuit operating at 2400 baud. The interface is isolated
via two high-speed optocouplers (PC817 and TLP181) powered by an independent +12V floating rail.

Signal Node Measurement Point Benchmark Value Component-Level Defect

Floating Communication
Supply

Across C102 (100uF 25V) +12.0V DC steady
If <9V, replace electrolytic capacitor
C102 and diode D101

Indoor Transmit Signal
Terminal 3 (Comm) to
Terminal 2 (N)

Fluctuating 15V - 24V
DC

Steady 0V indicates indoor PCB
triac/optocoupler failure

Outdoor Microcontroller
UART RX

Pin 34 of LG MCU
Active 0V-5V digital
pulse train

If no pulse reaches MCU pin, trace
100Ω series resistor R108

LG CH21 Error: Inverter DC Peak Overcurrent Triage

The CH21 error is the most common fault on LG Dual Inverter boards. It indicates that peak current in the U, V, or
W phase exceeded the 18A threshold.

CT Coil Current Transformer Check: LG outdoor boards use a circular ferrite CT coil (CT1) on the AC input
line. Probe the CT secondary rectifier diodes (D201-D204, 1N4148 bridge). A shorted 1N4148 diode causes the
MCU to register false current spikes, throwing CH21 within 2 minutes of startup.

Three-Shunt Resistor Balance: Inspect the three SMD shunt resistors (R501, R502, R503 - marked 'R020' =
0.020Ω 2W). If any resistor is discolored or measures >0.035Ω, replace all three as a matched set.

IPM Bootstrap Diode Test: On the CIPOS module, measure the 3 bootstrap capacitors (C511, C512, C513 -
10uF 50V). If their capacitance drops below 7uF, the high-side IGBTs enter linear mode and trigger CH21.

LG Inverter Field Note: If CH21 occurs specifically when the compressor reaches 60Hz high speed, clean the
outdoor condenser coil with chemical coil cleaner. Restricted airflow causes discharge pressure to exceed 420 PSI,
forcing the dual-rotary compressor beyond its maximum current envelope.
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CHAPTER 18 • BRAND ERROR CODE MASTERCLASS

Mitsubishi Heavy / Electric: E59 Startup Failure & E42 Overcurrent

Brand: Mitsubishi Electric / Mitsubishi Heavy Industries | Target Systems: MSZ / SRK Diamond Series |
Architecture: Mitsubishi 32-bit RISC MCU.

Mitsubishi E59: Compressor Startup Synchronization Failure

Mitsubishi inverter algorithms use sensorless vector control (FOC). To start the compressor, the MCU injects high-
frequency test pulses to detect rotor magnet alignment. If it fails to detect the alignment angle within 5 attempts,
it locks out on E59.

Circuit Test Component Ref Correct Measurement Fault Remediation

Back-EMF Sensing
Divider

R611, R612, R613
(220kΩ 1%)

220kΩ ± 1kΩ exact
match

Replace high-voltage sensing resistors if
drifted

Filter Capacitors
C601, C602, C603
(1000pF 100V)

1.0nF low-leakage
Leaky ceramic cap distorts rotor position
angle to MCU

Compressor
Mechanical Freedom

Compressor Terminals
Spins freely under
pressure relief

Stuck scroll plate requires chemical
solvent flush or replacement

Mitsubishi E42: Outdoor Power Transistor Overcurrent

When E42 occurs, Mitsubishi boards log the exact sub-millisecond timestamp of the trip. The root cause is almost
universally either a failing DIPIPM (PS21964/PS21965) or open gate damping resistors.

1. Check the six 22Ω SMD resistors (R701-R706) located directly between the MCU buffer IC and the DIPIPM
input pins. If any resistor is open or burnt, the gate is floating.

2. Inspect the active PFC module (usually a large aluminum-encased Sanken module on the secondary heatsink).
If the PFC module output DC voltage sags below 280V under load, E42 triggers instantly.

Mitsubishi Special Notice: Mitsubishi Electric outdoor boards utilize a 4-layer PCB with internal ground planes.
When desoldering the DIPIPM, use a pre-heating plate set to 120°C underneath the board to prevent tearing the
internal plated through-hole vias.
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CHAPTER 19 • BRAND ERROR CODE MASTERCLASS

Voltas Inverter AC: E6 Communication & P0 IPM Protection

Brand: Voltas (A TATA Enterprise) | Target Systems: All-Star Inverter & Maha Adjustable Series | Architecture:
Holtek / Midea Industrial Inverter Platform.

Voltas E6 Communication Diagnostic Protocol

Voltas boards utilize the Midea-standard single-wire half-duplex communication circuit. A bridge rectifier (BD1)
and 24V Zener diode generate the loop power supply.

Step Measurement Target Healthy Reading Failure Diagnosis

1
Outdoor Comm Resistor R1
(10kΩ 5W)

10.0kΩ exactly
If open circuit (common in Indian voltage surges), 0V on
comm line

2 Zener Diode ZD1 (24V 1W)
24.0V DC across
diode

Shorted zener brings comm voltage to 0V; replace with
24V 1.3W zener

3
Optocouplers PC1 & PC2
(PC817C)

Pulsing 0.8V - 4.2V
Replace both PC817 optocouplers with high CTR rank
(Rank C or D)

Voltas P0 Error: IPM Hardware Fault Triage

The Voltas P0 error indicates that the IPM module has signaled an active fault on its VFO pin or the DC bus has
dropped below 180V DC.

Step 1: Check DC Bus Bleeder Resistors: Measure the high-voltage bleeder and sensing network (four 470kΩ
SMD resistors in series: R101, R102, R103, R104). If any single resistor opens due to humidity, the MCU
measures 0V DC bus and locks out with P0.

Step 2: Check IPM Heatsink Sensor: The heatsink thermistor is connected to CN5. It must measure 10.0kΩ at
25°C. If the connector is corroded, P0 triggers within 10 seconds.

Step 3: Measure Shunt Voltage: Measure across the large 0.015Ω 5W cement shunt resistor during
compressor ramp-up. If voltage exceeds 0.45V DC, the compressor has internal mechanical drag.

Voltas Field Pro-Tip: Over 60% of Voltas P0 errors in coastal and high-humidity areas are caused by carbonized
gecko/lizard tracks across the 310V DC pins of the STK621 or CIPOS module. Clean thoroughly with IPA and re-coat
with silicone conformal lacquer before replacing parts!
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CHAPTER 20 • BRAND ERROR CODE MASTERCLASS

Hitachi Inverter AC: Error 03 Comm & Error 12/14 Inverter
Overcurrent

Brand: Johnson Controls - Hitachi | Target Systems: iSense, Kashikoi & Toushi Inverter Series | Architecture:
Renesas RX Series 32-bit MCU.

Hitachi Error 03: High-Voltage Isolated Communication Breakdown

Hitachi uses an isolated communication interface with dual optocouplers and an active constant-current
generator (20mA loop). The signal line operates at 48V DC peak.

Diagnostic Node Normal Range Defect Indicator Component Action

Comm Loop Supply +48V DC (±4V) < 15V DC
Check 48V zener diode ZD01 and 100uF 63V
electrolytic capacitor C08

Transistor Driver
Q01

Vce switching 0V
to 48V

Vce stuck at 48V
(Open)

Replace 2SC2412 / MMBT3904 NPN driver
transistor

Optocoupler ISO1 /
ISO2

PS2501-1 or PC817
High dark current
(>5uA)

Replace with genuine Toshiba TLP785 or Renesas
PS2501 optocouplers

Hitachi Error 12 & 14: IPM Inverter Overcurrent & Overheat

Hitachi's proprietary algorithm tracks the heatsink temperature rise curve (dT/dt). If the temperature rises faster
than 1.5°C per second, Error 14 triggers even if absolute temperature is only 55°C!

1. Thermal Paste Breakdown: Hitachi uses an ultra-dense aluminum heatsink with micro-fins. The original
factory silicone grease dries into a chalky powder after 3 years. Clean with IPA and apply high-performance
non-curing thermal paste.

2. Error 12 (Instantaneous Peak Current): Measure the resistance of the three lower IGBT emitter legs to
ground. Hitachi boards use a single thick copper busbar shunt. If the solder joints on the shunt terminals
develop hairline fractures, Error 12 triggers intermittently on compressor acceleration.

Hitachi Microcontroller Caution: Hitachi boards have an onboard EEPROM (24C04 / 93C46) that stores historical
fault codes. If Error 12/14 has triggered 5 consecutive times, the MCU enters a permanent lock state. The EEPROM
must be cleared or reset by holding the outdoor test button for 10 seconds while powering on.

8/15/26, 9:49 PM



Elite Inverter AC IPM Diagnostics Masterclass (Zero Repetition Edition) • Page 22 of 55

CHAPTER 21 • BRAND ERROR CODE MASTERCLASS

Panasonic Inverter AC: H11 Communication & F93 Compressor
Rotation Error

Brand: Panasonic | Target Systems: Econavi, Nanoe-G, Aero Series | Architecture: Panasonic MN103S 32-bit
MCU Platform.

Panasonic H11: Bi-Directional Logic Handshake Triage

Panasonic H11 is the most notorious error code in residential AC repair. When the indoor unit sends a handshake
frame, the outdoor unit must respond within 180 seconds, or H11 is permanently displayed on the wired/wireless
remote.

Circuit Test Area Target Component Healthy Benchmark Defect Resolution

Outdoor Switching
Power

IC1 (TOP253PN /
LNK364)

+15V, +12V, +5V, +3.3V
all present

If outdoor SMPS is dead, outdoor MCU has
no power ➔ H11 triggers!

Current Loop
Resistor

R101 (20kΩ 3W
Metal Oxide)

20.0kΩ
Open resistor breaks communication loop;
replace with 20kΩ 5W

Noise Suppression
Choke

L101 (Common-
mode choke)

Continuity on both
windings (<0.5Ω)

Burnt winding from lightning surge opens
comm path

Panasonic F93: Compressor Abnormal Revolution (Loss of Synchronization)

The F93 error indicates that the rotor speed feedback calculated from the back-EMF comparator network does not
match the commanded PWM frequency.

Test 1: Back-EMF Resistor Ladder: Locate resistors R511, R512, R513 (330kΩ 1% 1206 SMD) connected to the
U, V, W lines. If any resistor drifts above 360kΩ due to high voltage stress, the MCU calculates a false rotor
angle, triggering F93 after exactly 45 seconds of operation.

Test 2: Compressor Megger Test: Disconnect compressor terminals. Use a 500V Megohmmeter between
each terminal (U, V, W) and the copper suction pipe (Earth). Reading must be > 50 MΩ. If reading is < 5 MΩ,
internal motor winding enamel is degraded, arcing to the shell under 300V PWM drive.

Panasonic Diagnostic Hack: If H11 occurs, look at the small outdoor PCB red LED (LED1). If LED1 is completely
OFF, the fault is NOT in the communication wire—the outdoor SMPS power supply is dead!
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CHAPTER 22 • BRAND ERROR CODE MASTERCLASS

Fujitsu General: E1:1 Serial Comm & E9:1 IPM Power Module Error

Brand: Fujitsu General Ltd | Target Systems: Airstage, Halcyon, Nocria Series | Architecture: Renesas SuperH
RISC Controller.

Fujitsu E1:1 Serial Communication Protocol

Fujitsu General uses an ultra-high baud rate serial protocol protected by specialized bidirectional TVS (Transient
Voltage Suppressor) diodes across the signal lines.

Component
Designation

Circuit Location Testing Protocol Failure Symptom

TVS Diode D101
Directly on Comm
Terminal 3

Measure in diode mode: OL
both directions

Shorted TVS diode pulls comm line
directly to Neutral ➔ E1:1

Optocoupler IC102
Outdoor Receive
Isolator

Measure CTR (Current
Transfer Ratio)

Degraded optocoupler causes
intermittent comm drops at night

Filter Capacitor
C105

Across 5V logic supply
of comm IC

100nF 50V Ceramic (ESR <
0.1Ω)

Leaky cap introduces 100Hz ripple into
serial bitstream

Fujitsu E9:1 / EA:1: Inverter IPM Overcurrent & Discharge Temp Error

Fujitsu systems utilize high-efficiency SPM modules paired with electronic expansion valves (EEVs) with 480-step
precision stepper motors.

1. EEV Valve Coil Short: A shorted EEV stepper coil (normal resistance: 46Ω ± 3Ω per phase) overloads the
outdoor 12V rail, causing the IPM gate drive voltage to collapse to 10V, which triggers E9:1. Disconnect the 5-
pin/6-pin EEV plug and measure coil resistance.

2. Discharge Thermistor (EA:1): Fujitsu discharge pipe thermistors are 50kΩ at 25°C (NOT standard 10kΩ!).
Installing a generic 10kΩ thermistor tricks the MCU into reading 120°C, locking out the compressor instantly
with error EA:1.

Fujitsu Thermistor Standard: Always carry genuine 50kΩ (Discharge), 10kΩ (Outdoor Ambient), and 10kΩ
(Suction/Heatsink) thermistors when servicing Fujitsu General inverter systems!
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CHAPTER 23 • BRAND ERROR CODE MASTERCLASS

Carrier Inverter AC: E1 Communication & P0/P4 IPM/Compressor
Error

Brand: Carrier / Midea JV Platform | Target Systems: Ester, Durafresh & Superia Inverter Series | Architecture:
Toshiba / Sanken Inverter Controller.

Carrier E1 Communication Fault Matrix

Carrier residential split inverters use a robust 24V current-loop circuit with a distinct 3-pin outdoor
communication header.

Signal Line
Test Voltage to
Ground

Scope Waveform Common Failure Point

Terminal S
(Signal)

12V - 22V DC
fluctuating

Digital pulse packet every
500ms

Blown 3.3kΩ 2W safety fusible resistor R01 on
outdoor board

Outdoor VCC
(5V)

+5.00V DC (±0.05V) < 10mV noise ripple
LDO regulator 78L05 output degraded by dry
filter cap

Ground Return 0.00V DC Clean reference line
Terminal block corrosion causing 5-15 ohm
contact resistance

Carrier P0 (IPM Malfunction) & P4 (Compressor Drive Error)

When Carrier displays P0, the outdoor controller has latched a hardware protection flag. When it displays P4, it
indicates position sensor loss during motor rotation.

Step 1 (P0): Test the 6 IGBTs on the FNB41560 or Sanken IPM for low-resistance leakage. Check the 15V VCC
gate supply pin. If voltage is <13.5V, replace the 100uF 35V low-ESR electrolytic capacitor C201.

Step 2 (P4): P4 occurs when the compressor starts and vibrates violently without rotating. Check the 3-phase
output connector on the board. Carrier boards frequently suffer from burnt spade terminals on the U and W
pins due to high starting current draw. Clean, crimp new high-temp terminals, and re-solder PCB header pins.

Field Diagnostic: If a Carrier board displays P0 on the outdoor 2-digit 7-segment LED display, press and hold the
'SW1' check button for 3 seconds. The display will flash the exact secondary fault: '01' = Overcurrent, '02' = IPM
Overheat, '03' = Low DC Bus Voltage!
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Toshiba Inverter AC: Error 04 Serial Comm & Error 1C/1D IPM
Drive

Brand: Toshiba Carrier Corporation | Target Systems: Daiseikai & Shorai Premium Inverter | Architecture: Toshiba
Vector Engine MCU.

Toshiba Vector Engine MCU & Error 04 Circuit Analysis

Toshiba pioneered Vector Control in residential ACs. The dedicated 'Vector Engine' coprocessor calculates motor
flux and torque in hardware at 40MHz.

Error
Code

System Meaning PCB Test Location Component-Level Action

04
Serial Signal Transmission
Failure

Indoor/Outdoor Comm Optos
(TLP185)

Replace TLP185 optocouplers and check
47V zener ZD02

1A Outdoor Fan System Error IC801 (Fan Motor Driver IC)
Check +310V and +15V supplies to 8-pin
fan motor header

1C
Compressor Drive Circuit
(IPM) Fault

CIPOS / DIPIPM Module
Diode drop check across P-U, P-V, P-W and
N-U, N-V, N-W

1D
Compressor Breakdown /
Lockup

Compressor Mechanical Shell
Verify start-winding balance and oil return
sight glass

Toshiba Error 1C Component-Level Triage

Error 1C indicates that the Vector Engine detected a catastrophic current discrepancy between the calculated flux
vector and the physical shunt feedback.

1. Inspect the three high-speed current-sensing operational amplifiers (IC501 - UPC4572 or NJM2732). These
ultra-low offset op-amps buffer the micro-volt drops from the 0.01Ω shunts. If input offset voltage drifts by
even 2mV, the Vector Engine registers a false 1C error.

2. Check the high-voltage bootstrap diodes (D501, D502, D503). In Toshiba boards, use ultra-fast recovery diodes
with reverse recovery time (trr) < 35 nanoseconds (e.g., UF4007 or ES1J). Standard 1N4007 diodes will
overheat and explode within 10 minutes!

Critical Component Spec: Never substitute standard rectifiers in Toshiba bootstrap circuits. Standard 1N4007
diodes have trr > 2000ns, causing intense reverse recovery heating that destroys the IPM high-side gate driver!
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Samsung Digital Inverter: E202 Comm & E464/E468 IPM
Overcurrent

Brand: Samsung Electronics | Target Systems: 8-Pole WindFree & Digital Inverter Series | Architecture: Samsung
ARM Cortex-M4 Microcontroller.

Samsung E202 Communication Architecture & Triage

Samsung digital inverters utilize an active packet-based multi-drop communication system. Outdoor boards
feature a dedicated 3.3V transceiver IC with hardware parity checking.

Circuit Test Area Target Reading
Defect
Indicator

Component Action

Comm Terminal F1/F2
0.5V - 2.8V DC dynamic
square wave

0.0V DC
constant

Check fuse F101 (2A 250V) on
communication sub-rail

Opto-Isolators (PC101,
PC102)

TLP281-4 (Quad channel)
Dark current >
1uA

Replace quad optocoupler IC with genuine
Toshiba TLP281-4

Outdoor MCU Reset
Pin

+3.3V DC steady
Pulsing /
Resetting

Check 3.3V supervisor IC (KIA7042 / STM809)

Samsung E464 (IPM Overcurrent) & E468 (Current Sensor Error)

Samsung 8-Pole digital inverter compressors operate at high electrical frequencies (up to 480Hz). Current sensing
is performed via a dedicated Hall-effect current sensor IC or high-precision 3-shunt network.

E468 Triage: E468 indicates that during the pre-startup zero-calibration check, the MCU detected a non-zero
current offset. Locate the current sensing amplifier (IC401 - LM358 or TS922). Check the DC reference voltage
at Pin 1 and Pin 7. It must read exactly 2.50V DC (±0.02V) when the compressor is stationary. If it reads 2.30V
or 2.70V, replace IC401 and the 1% biasing resistors.

E464 Triage: If E464 occurs immediately upon compressor startup, test the IKCM15F60GA or FSBB30CH60C
IPM for shorted lower IGBTs. Check the DC bus bulk capacitors (two 680uF 450V in parallel). If one capacitor
has vented or lost capacitance, the 100Hz ripple voltage drops into the IPM UVLO zone, causing current spikes
and E464 trips.

Samsung Field Pro-Tip: Samsung outdoor boards have 4 status LEDs (Red, Green, Yellow, Blue). If Red is ON and
Green is BLINKING, the board is in E464 protection mode. If all 4 LEDs are ON, the microcontroller firmware is
corrupted and the main MCU must be replaced.
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O General Inverter AC: Er11 Communication & Er97/Er94 IPM
Protection

Brand: Fujitsu General / O General | Target Systems: ASGG Tropical Inverter (Hyper Tropical) | Architecture:
Heavy-Duty Tropicalized Dual-MCU.

O General Er11 Serial Communication Diagnostics

O General Tropical inverters are engineered for extreme 55°C ambient Indian summer conditions, utilizing heavy-
duty MOV (Metal Oxide Varistor) surge protection networks across all terminals.

Testing Step Probe Location Normal Voltage Troubleshooting Action

1. Input MOV
Check

Across Terminal 1(L),
2(N), 3(Comm)

Infinite Resistance
(>50 MΩ)

Shorted MOV (due to lightning surge) clamps
communication line to ground

2. Comm Loop
Zener

ZD101 (30V 1.3W) 30.0V DC steady
Replace ZD101 if shorted (0V) or open (full 230V
AC present on comm chip)

3. Comm Current
Resistor

R102 (2.2kΩ 5W
Cement)

2.2kΩ exactly
Replace with flameproof 5W ceramic wirewound
resistor if open

O General Er97 (IPM Error) & Er94 (Compressor Starting Failure)

O General uses heavy-duty DIPIPM modules (PS21965-4 / PS21997) mounted to massive 2.5 kg extruded
aluminum heatsinks.

1. Er97 Hardware Trip: Disconnect the compressor. Power on the unit. If Er97 appears within 5 seconds without
compressor connected, the DIPIPM has internal gate leakage, or the onboard 15V regulator is delivering
<13.8V.

2. Er94 Position Sensor Failure: If the compressor shakes back and forth for 4 seconds and then trips with Er94,
inspect the three phase-voltage feedback resistors (R711, R712, R713 - 100kΩ 1% 0.5W). If one resistor is
open, the MCU has lost feedback for that phase and cannot determine rotor position.

Tropical Heatsink Warning: O General Tropical boards utilize high-contact pressure mounting bars. When
reinstalling the DIPIPM, ensure the clamping bar is centered perfectly. Uneven clamping force will crack the DIPIPM
ceramic substrate during high-vibration 90Hz compressor operation!
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CHAPTER 27 • BRAND ERROR CODE MASTERCLASS

Lloyd Inverter AC: E6 Communication & P0 IPM High-Temp/Short

Brand: Lloyd (Havells Enterprise) | Target Systems: Grande, Heavy Duty Inverter Series | Architecture: Sanken /
Midea Platform Controller.

Lloyd E6 Communication Failure Circuit Triage

Lloyd inverter split systems share the standard Havells/Midea serial architecture utilizing a single optical isolator
pair and a 24V DC loop regulator.

Circuit Test Area Target Reading Defect Indicator Component Action

Outdoor Power
Indicator

Red LED flashing 1Hz
LED completely
dark

Check outdoor SMPS chip (TNY277PN /
VIPer12A) and 2A fuse

Communication
Terminal

Pulsing 14V - 22V DC
0V DC or steady
24V DC

Replace outdoor PC817 optocouplers and 4.7kΩ
2W resistor

Indoor Fan Feedback
Square wave 0-5V
from Hall IC

0V DC constant
If indoor fan motor is jammed, indoor MCU
inhibits comm ➔ E6 triggers!

Lloyd P0 Error: IPM Hardware Short & Thermal Runaway

When a Lloyd inverter displays P0 on the indoor unit display, follow this systematic procedure:

Step 1: Check Inverter Module Resistance: With the outdoor board completely unpowered and discharged,
measure resistance across the P (+310V) and U, V, W output pins using a DMM in Diode Test mode. Normal
reading is 0.45V forward drop (Red probe on U/V/W, Black on P). If any pin reads 0.00V, the IGBT is shorted.

Step 2: Inspect Heatsink Thermal Pad: Lloyd boards often use a silicone thermal pad rather than paste. After
2 seasons, this pad hardens and loses thermal contact. Replace the pad with high-performance silicone paste
(>3.5 W/m·K) to eliminate thermal P0 trips.

Step 3: Check Shunt Voltage Filter: Inspect the small 1000pF ceramic capacitor (C305) connected across the
current sense shunt resistor. If C305 becomes leaky, high-frequency PWM switching noise triggers false P0
overcurrent trips.

Lloyd Pro-Tip: If P0 appears only during intense afternoon heat (above 42°C ambient) but runs fine at night, the
outdoor condenser fan motor capacitor is degraded, causing the fan to run at half-speed and overheating the IPM
heatsink.
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CHAPTER 28 • BRAND ERROR CODE MASTERCLASS

Blue Star Inverter AC: E6 Comm & H5 IPM Module Protection

Brand: Blue Star Commercial & Residential | Target Systems: Inverter Precision Series | Architecture: Gree / Blue
Star Dual Controller Platform.

Blue Star E6 Communication Diagnostic Protocol

Blue Star inverters use the Gree-standard single-wire serial communication circuit with a high-voltage bridge
rectifier and optocoupler pair on both indoor and outdoor boards.

Circuit Test Area Target Reading Defect Indicator Component Action

Communication
Terminal 3

Pulsating between +18V
and +38V DC

0V DC constant
Check 5W 3.3kΩ ceramic resistor on
outdoor board

Outdoor Optocoupler
(U101)

PS2501 / PC817
Degraded CTR <
50%

Replace with genuine high-CTR PC817C
optocoupler

Indoor Loop Diode (D1) 1N4007 (0.6V drop)
Open circuit /
Blown

Replace 1N4007 diode on indoor
communication terminal

Blue Star H5 Error: IPM Protection Hardware Lockout

H5 is Blue Star's universal IPM hardware protection code. It triggers within 50 microseconds of any phase-to-
phase short, ground fault, or IPM gate undervoltage.

1. Check Gate Drive Voltage: Measure voltage across Pin 17 (VCC) and Pin 15 (GND) of the CIPOS / Sanken IPM.
It must read +15.0V DC (±0.3V). If the 15V rail sags to 12.8V under load, internal UVLO protection triggers H5
immediately upon compressor start.

2. Current Sensing Op-Amp: Locate IC301 (LM358 SMD). Pin 1 (Output A) and Pin 7 (Output B) must read
0.00V DC at rest. If either pin outputs >0.15V DC with the compressor disconnected, the op-amp has failed
and is sending a false overcurrent signal to the MCU.

3. Compressor Megger Test: Check for winding breakdown using a 500V DC Megger. Blue Star rotary
compressors must read >20 MΩ to the copper casing.

Blue Star Test Warning: Never attempt to reset an H5 error repeatedly without checking the IPM with a
multimeter first! If an IGBT is shorted, repeated power cycling will destroy the copper traces on the PCB and destroy
the MCU PWM ports!
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CHAPTER 29 • BRAND ERROR CODE MASTERCLASS

Haier Inverter AC: E7 Comm & F1/F2 IPM/Compressor
Overcurrent

Brand: Haier Appliances | Target Systems: Triple Inverter, CleanCool Series | Architecture: Haier / Panasonic Joint
Silicon Platform.

Haier E7 Communication Failure Circuit Analysis

Haier Triple Inverter units utilize an optically isolated current loop powered by an auxiliary winding on the outdoor
SMPS transformer.

Testing Checkpoint Expected Value Failure State Component Remediation

Outdoor SMPS
Auxiliary Rail

+24.0V DC (across
C12)

0.0V DC (Blown diode
D12)

Replace UF4007 fast-recovery rectifier diode

Comm Wire Terminal 3
Pulsing +12V to
+24V DC

Steady +230V AC
(Live short)

Terminal wiring reversed! Check L and Comm
wire at indoor unit

Opto-Transistor
Output

0V to 5V square
pulses

Stuck at 0V
Replace PC817 optocoupler and check 1kΩ
pull-up resistor

Haier F1 (IPM Error) & F2 (Compressor Overcurrent)

Haier Triple Inverter boards utilize intelligent microcode to differentiate between silicon module failure (F1) and
compressor mechanical binding (F2).

F1 Triage (Silicon Fault): Check the FNA41560 or Sanyo IPM module for short circuits across the U, V, W
terminals and the DC+ (310V) bus. Inspect the 3 bootstrap capacitors (10uF 50V). If one capacitor has leaked
electrolyte onto the PCB, clean with IPA and replace with high-temp 105°C capacitors.

F2 Triage (Mechanical / Phase Loss): F2 indicates that current in one phase is 300% higher than the other
two phases. Measure the resistance of all 3 compressor leads. If winding resistances are balanced (e.g., 1.45Ω,
1.45Ω, 1.45Ω), inspect the PCB output relay contacts (RY01). Pitted relay contacts cause intermittent phase
dropout under high torque, triggering F2.

Haier Field Pro-Tip: Haier outdoor boards feature an onboard self-diagnostic button (TEST1). Pressing TEST1 once
forces the outdoor fan and compressor to run at minimum 30Hz test speed, allowing rapid bench verification
without connecting the indoor unit!
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CHAPTER 30 • BRAND ERROR CODE MASTERCLASS

Godrej Inverter AC: E1 Communication & P0 IPM Short Circuit

Brand: Godrej Appliances | Target Systems: Green Inverter, Heavy Duty Inverter Series | Architecture: Godrej /
Gree Global Inverter Platform.

Godrej E1 Communication Troubleshooting Matrix

Godrej Green Inverter systems utilize an isolated serial loop circuit with a dedicated high-voltage PPTC (Polymer
Positive Temperature Coefficient) resettable fuse for surge protection.

Circuit Element
Normal
Operating State

Failure Indicator Bench Fix

PPTC Resettable Fuse
(PTC1)

Low resistance (<
15Ω)

High resistance
(>100kΩ / Tripped)

Wait 5 minutes to cool down; if
permanently open, replace PPTC fuse

Communication Rectifier
Bridge

0.6V drop per
diode

Shorted diode (0.00V)
Replace 1A 1000V miniature SMD bridge
rectifier (MB10S / DB107)

Loop Filter Capacitor
(C01)

4.7uF 50V
Electrolytic

Bulged / High ESR
(>5Ω)

Replace with 4.7uF 50V 105°C low-ESR
capacitor

Godrej P0 Error: IPM Instantaneous Short-Circuit Triage

Godrej P0 indicates that the hardware overcurrent pin on the IPM (ITRIP / CIN) has detected a short circuit
exceeding 25A.

1. Isolate Compressor vs Board: Unplug the compressor 3-pin connector. Turn power ON. If P0 still displays, the
IPM is shorted internally, or the current-sensing resistor network is open.

2. Examine the Shunt Resistor: Godrej boards use a single 0.020Ω 5W metal strip shunt resistor. High ambient
vibration can crack the solder pads on this resistor. Re-solder with high-silver lead-free solder.

3. Verify 15V Gate Rail: Check the 7815 voltage regulator output. If the regulator output is noisy or delivering
<14.2V DC, replace the 7815 IC and its input/output filter capacitors.

Godrej Eco-Friendly Refrigerant Note: Godrej uses R290 (Propane) in select inverter models. When desoldering
the IPM or testing boards on R290 systems, ensure the outdoor unit has been fully evacuated and purged with Dry
Nitrogen to eliminate any flammable hydrocarbon gas residue near the soldering bench!
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CHAPTER 31 • PROFESSIONAL INSTRUMENTATION

Digital Storage Oscilloscope (DSO): Gate Drive & PWM Analysis

Instrument: 2-Channel / 4-Channel 100MHz+ Digital Storage Oscilloscope (e.g., Rigol DS1054Z, Siglent
SDS1104X-E) | Primary Application: Capturing High-Speed Gate PWM Waveforms, Dead-Time Measurement &
Spurious Noise Spikes.

Capturing & Measuring Dead-Time (Shoot-Through Prevention)

Dead-time is the intentional delay inserted between turning OFF the high-side IGBT and turning ON the low-side
IGBT on the same phase leg. Insufficient dead-time results in both IGBTs conducting simultaneously, shorting the
310V DC bus and destroying the IPM instantly.

Channel
Setup

Probe Connection Trigger Setting Benchmark Evaluation

Channel 1
(Yellow)

HIN(U) - High-Side Input (Pin
referenced to GND)

Edge Trigger:
Rising, 1.5V

Clean 0V to 5V (or 3.3V) square wave; rise time
< 150ns

Channel 2
(Blue)

LIN(U) - Low-Side Input (Pin
referenced to GND)

Dual Display Clean 0V to 5V square wave; fall time < 150ns

Dead-Time
Delta (Δt)

Between CH1 Falling Edge &
CH2 Rising Edge

Timebase:
500ns/div

MUST measure between 1.8us and 3.2us! If
< 1.2us, MCU firmware is corrupt.

Floating High-Side Gate Drive Probing Warning

To probe the floating high-side gate (across VB and Phase U/V/W), you CANNOT use a standard grounded
oscilloscope probe! Connecting standard probe ground to Phase U shorts the 310V pulsating motor output to
Earth ground through the oscilloscope chassis, causing an explosion and destroying the scope.
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Critical Safety Rule: To measure floating high-side gate drive waveforms, you MUST use a dedicated High-Voltage
Differential Probe (e.g., Micsig DP10007 / Cybertek DP6000 rated for 1000V CAT III) or battery-powered handheld
isolated oscilloscope!
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CHAPTER 32 • PROFESSIONAL INSTRUMENTATION

High-Voltage Megohmmeter (Megger): Compressor Dielectric
Testing

Instrument: 500V / 1000V Digital Insulation Resistance Tester (e.g., Fluke 1507, Kyoritsu 3005A) | Primary
Application: Detecting Microscopic Motor Winding Insulation Breakdown under High-Voltage Stress.

Why Multimeters Fail to Detect Inverter Compressor Breakdown

A standard digital multimeter uses a 2.5V to 9V DC battery for resistance testing. An inverter compressor operates
under high-frequency 310V - 380V PWM drive with instantaneous voltage spikes exceeding 600V due to cable
reflection. At 9V, degraded motor enamel insulation does not arc, reading 'Infinite' on a multimeter. Under 500V
stress from a Megger, microscopic enamel cracks ionize, revealing catastrophic leakage to ground that destroys
new IPMs within minutes.

Test
Voltage

Test Connection Point
Acceptable Industrial
Benchmark

Failure Interpretation

500V DC
Compressor U Terminal to
Copper Suction Pipe

> 50 MΩ (Brand New:
>500 MΩ)

< 20 MΩ = Degraded insulation; < 5 MΩ =
Replace compressor!

500V DC
Compressor V Terminal to
Copper Suction Pipe

> 50 MΩ
Moisture/acid in POE synthetic refrigerant
oil

500V DC
Compressor W Terminal to
Copper Suction Pipe

> 50 MΩ
Flashover to hermetic shell during PWM
drive

SOP: 5-Step Compressor Insulation Test
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1. Disconnect all 3 wires (U, V, W) from the compressor terminal block. NEVER apply Megger test voltage with
the PCB connected! The 500V pulse will instantly destroy the IPM and MCU.

2. Connect the Megger Black (Earth) lead to a cleaned, unpainted copper section of the suction or discharge
pipe.

3. Connect the Megger Red (Line) lead to Compressor Terminal U. Press and hold the 'TEST' button for 10
seconds until the reading stabilizes.

4. Repeat for Terminals V and W. All 3 terminals must measure > 50 MΩ.

Dielectric Absorption Ratio (DAR): For commercial VRF compressors, record reading at 30 seconds and 60
seconds. Calculate DAR = R60s / R30s. If DAR < 1.25, the compressor winding insulation is saturated with
moisture/acid and requires oil replacement.
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CHAPTER 33 • PROFESSIONAL INSTRUMENTATION

Thermal Imaging Camera: Detecting Hidden PCB Hot-Spots

Instrument: Long-Wave Infrared Thermal Imager with Macro Lens (e.g., FLIR E8-XT, Infiray C200 / P2 Pro) |
Primary Application: Non-Contact Detection of Localized Semiconductor Overheating, Leaky Capacitors & Cold
Solder Joints.

Infrared Thermal Signatures on Inverter AC PCBs

Under normal operation, components on an inverter PCB exhibit predictable thermal equilibrium. A thermal
imager reveals component distress long before electrical failure occurs.

Component on PCB
Normal Operating
Temperature

Thermal Alarm
Threshold

Underlying Circuit Defect

IPM Silicon Body 45°C - 70°C steady
> 95°C localized
hot-spot

Dry thermal grease; unequal clamping
pressure; internal gate leakage

7815 / 7805 Linear
Regulators

40°C - 55°C > 85°C
Excessive downstream load from leaky
microcontroller or shorted opto

SMD Shunt Resistors 50°C - 65°C > 110°C
Compressor bearing drag or cracked shunt
solder joints

SMPS Switching IC
(TOP/TNY)

50°C - 65°C > 90°C
Flyback transformer partial short or high
secondary load

Bootstrap Diodes 35°C - 45°C > 75°C
Excessive reverse recovery leakage; replace
with ultra-fast diode

Macro-Lens Inspection for Microscopic Solder Cracks

8/15/26, 9:49 PM



Elite Inverter AC IPM Diagnostics Masterclass (Zero Repetition Edition) • Page 37 of 55

Set the thermal camera emissivity to 0.92 for PCB epoxy and conformal coatings. When powering the board
under dummy load, watch the IPM substrate: if one phase leg (e.g., U-phase) heats up at 3x the rate of V and W
phases, that phase has an internal gate oxide leak. Replace the IPM immediately before field deployment.

Reflective Metal Trap: Shiny aluminum heatsinks and bare copper solder joints have very low emissivity (0.10) and
reflect ambient thermal energy, giving falsely low temperature readings. Apply a small piece of black vinyl tape
(emissivity 0.95) to the heatsink for accurate temperature measurement!
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CHAPTER 34 • PROFESSIONAL INSTRUMENTATION

True-RMS Digital Multimeter: Precision Diode & DC Rail
Diagnostics

Instrument: CAT IV 600V / CAT III 1000V True-RMS DMM with Minimum 2.8V Diode Test Voltage (e.g., Fluke 87V,
Sanwa PC7000, Brymen BM869s) | Primary Application: In-Circuit Diode Testing, Rail Voltage Verification & AC
Ripple Measurement.

Why Diode Test Voltage Rating Matters

Cheap digital multimeters provide only 1.5V on their diode test function. Modern IGBTs and fast-recovery anti-
parallel diodes require up to 2.2V to overcome the junction forward barrier under test current. A low-voltage
meter gives false 'Open Circuit' readings on perfectly healthy IPM modules. A professional meter (like Fluke 87V
with 3.2V test voltage) ensures accurate, repeatable diode drop measurements.

Test Configuration Meter Red Probe
Meter Black
Probe

Expected True-RMS
Drop

Status Evaluation

High-Side U-Phase
Diode

Phase Terminal U
DC Positive Rail
(P)

0.420V - 0.480V
Healthy Freewheeling
Diode

High-Side V-Phase
Diode

Phase Terminal V
DC Positive Rail
(P)

0.420V - 0.480V
Healthy Freewheeling
Diode

High-Side W-Phase
Diode

Phase Terminal W
DC Positive Rail
(P)

0.420V - 0.480V
Healthy Freewheeling
Diode

Low-Side U-Phase
Diode

DC Negative Rail
(N)

Phase Terminal U 0.420V - 0.480V
Healthy Freewheeling
Diode
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Low-Side V-Phase
Diode

DC Negative Rail
(N)

Phase Terminal V 0.420V - 0.480V
Healthy Freewheeling
Diode

Low-Side W-Phase
Diode

DC Negative Rail
(N)

Phase Terminal
W

0.420V - 0.480V
Healthy Freewheeling
Diode

Measuring DC Bus Ripple with True-RMS AC Coupling

Switch your True-RMS multimeter to AC Volts mode while measuring across the live +310V DC bus filter
capacitors (with compressor running). The AC voltage reading represents the DC bus ripple: a healthy capacitor
bank shows < 5.0V AC ripple. If AC ripple exceeds 18.0V AC, the main 450V electrolytic filter capacitors have lost
capacitance or developed high internal ESR, which will destroy the IPM.

Balance Tolerance Rule: Across all 6 internal diodes in an IPM, the forward voltage drop must match within
±0.025V (25 millivolts). If 5 diodes read 0.440V and one diode reads 0.380V, that diode has suffered internal
electrical overstress and will fail under full compressor load.
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CHAPTER 35 • PROFESSIONAL INSTRUMENTATION

LCR & ESR Meter: Profiling High-Stress Capacitors

Instrument: 100kHz Bridge LCR / In-Circuit ESR Meter (e.g., DER EE DE-5000, Peak Atlas ESR70) | Primary
Application: Testing High-Frequency Equivalent Series Resistance (ESR) on 15V Rails & Bootstrap Networks.

The ESR Phenomenon: Why Capacitance (uF) is Misleading

A failing electrolytic capacitor frequently retains 90% of its marked capacitance (e.g., reading 9.2uF on a 10uF cap)
while its internal Equivalent Series Resistance (ESR) skyrockets from 0.4Ω to 12.0Ω due to electrolyte dry-out. In
high-speed PWM circuits, high ESR prevents the capacitor from delivering instant pulse currents to the IGBT gates,
starving the driver and causing high Vce conduction losses that destroy the IPM.

Capacitor
Function

Nominal Value
Maximum Acceptable ESR
(100kHz)

Consequence of High ESR

High-Side
Bootstrap (3x)

10uF - 47uF / 50V < 1.50 Ω (New: 0.35Ω)
UVLO trip; weak high-side IGBT turn-on;
IPM burnout

15V Gate VCC
Filter

100uF - 220uF / 35V < 0.40 Ω (New: 0.12Ω)
15V rail voltage ripple; false overcurrent
trips

5V Logic Filter 470uF - 1000uF / 16V < 0.15 Ω (New: 0.04Ω)
Microcontroller random resets;
communication packet drops

DC Bus Snubber
MKP

0.1uF / 630V
Polypropylene

< 0.05 Ω (New: 0.01Ω)
Voltage spikes exceed 600V; punctures
IGBT silicon die

In-Circuit vs Out-of-Circuit Testing Protocol

Using a 100kHz low-amplitude test signal (<100mV peak), a professional ESR meter tests capacitors directly in-
circuit without desoldering, because the 100mV test signal does not forward-bias adjacent semiconductor PN
junctions. Test all three bootstrap capacitors in under 30 seconds.

Discharge Reminder: ALWAYS discharge capacitors before connecting to an ESR meter. Residual voltage above
15V will permanently damage the delicate analog front-end JFETs of your LCR bridge!
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CHAPTER 36 • PROFESSIONAL INSTRUMENTATION

V-I Curve Tracer (Huntron Tracker): Analog Signature Analysis

Instrument: Dual-Channel V-I Curve Tracer / Component Signature Analyzer (e.g., Huntron Tracker 2800, Hantek
2D42 in V-I Mode) | Primary Application: Unpowered In-Circuit Signature Comparison of Suspect Boards Against
Known-Good Boards.

Principles of Analog Signature Analysis (ASA)

A V-I Curve Tracer applies a current-limited AC sinusoidal voltage across two component terminals and plots the
resulting Voltage (X-axis) vs Current (Y-axis) Lissajous curve on a CRT/LCD display. Every component produces a
unique geometric signature:

Resistor: Straight diagonal line (angle proportional to resistance).

Capacitor: Clean ellipse / circle (width proportional to capacitance and test frequency).

Diode / P-N Junction: Sharp right-angle 'hockey stick' curve showing forward knee voltage and reverse
breakdown.

Damaged / Leaky IGBT Gate: Distorted 'football' ellipse with rounded knees, indicating internal gate oxide
leakage.

Dual-Channel Comparative Troubleshooting Protocol

Test Vector
Channel A (Known
Good PCB)

Channel B
(Defective PCB)

Signature Analysis & Diagnosis

MCU PWM Pin to
GND

Sharp L-shaped diode
knee at 0.6V

Slanted diagonal
ellipse

MCU PWM port has sustained high-voltage
ESD punch-through

IPM HIN Input to
GND

Vertical open-collector
knee

Flat horizontal line
Internal input pull-down resistor or clamping
diode blown open

Optocoupler
Collector

Vertical right-angle
cutoff

Rounded curved
knee

Phototransistor silicon degraded; low
switching speed

Power-Off Safety Advantage: Analog Signature Analysis is performed 100% with the AC board completely
UNPOWERED. This eliminates all risks of board short-circuits, flying sparks, or further silicon destruction during
bench diagnostics.
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CHAPTER 37 • PROFESSIONAL INSTRUMENTATION

Hot Air SMD Rework Station: Micro-Soldering Precision

Instrument: Closed-Loop Digital Hot Air Rework Station with Turbine/Diaphragm Pump (e.g., Quick 861DW, Atten
ST-862D) | Primary Application: Damage-Free Removal and Soldering of 0603/0402 Resistor Networks, SOIC-8
Op-Amps & QFP Microcontrollers.

Thermal Profiling for Heavy-Copper AC PCBs

Inverter air conditioner PCBs utilize heavy 2 oz (70 micron) double-sided copper planes with extensive ground
pours. Applying incorrect hot air temperature or airflow burns the PCB fiberglass, lifts copper pads, or blows away
adjacent microscopic components.

Target Component
Nozzle
Diameter

Airflow
Setting

Temperature Setting
Dwell Time
Limit

0603 / 0805 SMD Gate
Resistors

4.0 mm straight 25 - 35 L/min
350°C (Leaded) / 370°C (Lead-
Free)

6 - 8 seconds
max

SOIC-8 Op-Amps &
Optocouplers

6.0 mm straight 40 - 50 L/min
360°C (Leaded) / 380°C (Lead-
Free)

10 - 15 seconds
max

QFP-64 / QFP-100 MCU
Chips

10.0 mm
angled

50 - 65 L/min
370°C (Leaded) / 390°C (Lead-
Free)

25 - 35 seconds
max

SOP: Removing Heavy Conformal Coating Before Hot Air

Never apply hot air directly through silicone or polyurethane conformal coatings! The high heat polymerizes the
coating into an impenetrable, sticky black tar that insulates solder joints and releases toxic fumes. Follow Chapter
42 to chemically strip the coating with ethyl acetate/acetone before applying hot air.

Shielding Critical Components: Always shield adjacent plastic connectors, electrolytic capacitors, and crystal
oscillators with heavy polyimide (Kapton) tape backed with aluminum foil before applying hot air to the repair
zone!
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CHAPTER 38 • PROFESSIONAL INSTRUMENTATION

Motorized Vacuum Desoldering Gun: Heavy-Mass IPM Extraction

Instrument: Self-Contained Motorized Vacuum Desoldering Station (e.g., Hakko FR-301 / FR-410, Quick 201B) |
Primary Application: Instant, Clean Extraction of Solder from 25-Pin / 27-Pin Heavy Through-Hole IPM Barrels.

Why Copper Solder Wick Destroys Double-Sided Inverter PCBs

Attempting to remove a 25-pin IPM using manual copper braid/wick requires holding a soldering iron on each pin
for 15-25 seconds. Because the output phase pins (U, V, W) connect to massive internal copper ground pours,
heat conducts away rapidly. Technicians increase iron temperature to 450°C, which delaminates the PCB pads and
rips out the plated through-hole barrels (vias). Once a barrel is torn, the replacement IPM loses its top-side copper
connection, causing instant phase failure.

Desoldering
Parameter

Standard Factory Spec Hakko FR-301 Recommendation

Nozzle Orifice Size
1.3 mm / 1.6 mm heavy-mass
nozzle

Use 1.3 mm nozzle (N61-08) for standard IPMs; 1.6 mm for high-
power pins

Station Temperature
380°C (63/37 Leaded) | 410°C
(SAC305)

Calibrate with digital thermometer tip sensor

Vacuum Pump
Pressure

-0.08 MPa (-600 mmHg)
minimum

Ensure vacuum filter is clean and unblocked with flux residue

Dwell Time per Pin 1.5 to 2.5 seconds max
Apply nozzle ➔ circular swirl motion ➔ pull trigger ➔ lift nozzle
while suction continues

The Circular Motion Nozzle Technique

1. Apply fresh RMA rosin flux paste to all 25 IPM pins to restore thermal transfer.

2. Place the hot desoldering nozzle over the pin. Wait 1.0 second for the solder pool to liquefy completely.

3. Gently swirl the nozzle tip in a small circle, moving the component pin inside the hole so it is centered and free
from the barrel walls.

4. Pull the vacuum trigger and hold for 1.5 seconds. Lift the nozzle cleanly while maintaining vacuum to clear the
internal chamber.

Verification: After desoldering all 25 pins, gently wiggle each pin with a pair of fine tweezers. Every pin must click
freely inside its through-hole barrel. If a pin is stuck, do not pull! Re-apply fresh solder and repeat the vacuum
stroke.
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CHAPTER 39 • PROFESSIONAL INSTRUMENTATION

Digital Charging Scale: Critical Mass Refrigerant Dosing

Instrument: High-Precision Digital Refrigerant Scale with 5g Accuracy & Solenoid Shutoff (e.g., Fieldpiece SRS3,
Elitech LMC-210) | Primary Application: Exact-Weight Liquid Refrigerant Charging for Inverter AC Systems.

The Death of Pressure-Gauge Charging in Inverter Systems

In traditional non-inverter (fixed speed) ACs, technicians charge refrigerant by watching suction pressure (e.g., 65
PSI for R22). In an inverter AC, charging by pressure gauge is 100% impossible and destroys the
compressor!

The outdoor MCU dynamically modulates compressor RPM (from 15Hz to 95Hz) and adjusts the electronic
expansion valve (EEV from 0 to 480 steps) to maintain target cooling. If a technician adds gas, the MCU simply
opens the EEV and slows down the compressor, keeping suction pressure constant! An overcharged inverter
system (even by +150g) causes liquid refrigerant to flood the compressor sump, destroying the scroll mechanism
and overloading the IPM until it explodes.

Refrigerant Type
Factory Nameplate Charge
(Typical 1.5 Ton)

Liquid Charging
State

Critical Safety Rule

R410A (Zeotropic
Blend 50/50)

950g ± 20g
Liquid Phase ONLY
(Invert cylinder)

Vapor charging separates blend
fraction, destroying cooling capacity

R32 (Pure HFC) 780g ± 15g
Liquid Phase (Invert
cylinder)

Flammability Class A2L: Purge hoses
away from electrical switches

R290 (Pure Propane) 320g ± 10g Liquid Phase
Flammability Class A3: Strict charge
limit; no spark sources

Standard Operating Procedure for Inverter Charging

1. Recover remaining refrigerant and pull a deep vacuum to < 500 Microns using a 2-stage rotary vane vacuum
pump.

2. Place the refrigerant cylinder on the calibrated Digital Scale. Tare the scale to 0.00 kg.

3. Purge charging hoses. Open the liquid manifold valve and allow the exact factory nameplate weight (e.g.,
exactly 0.85 kg) to enter the system as liquid into the high side with the unit OFF.

Liquid Slugging Warning: Never charge liquid refrigerant directly into the low-side suction port while the
compressor is running! Liquid cannot be compressed and will instantly shatter the compressor valves and blow the
IPM.
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CHAPTER 40 • PROFESSIONAL INSTRUMENTATION

Dual-Tracking Adjustable DC Power Supply: Offline Logic Testing

Instrument: 0-30V / 5A Dual-Channel Linear DC Bench Power Supply with Adjustable Current Limiting (e.g., Korad
KA3005D, Siglent SPD3303X) | Primary Application: Safe Offline Injection of +15V Gate and +5V Logic Rails for
Microcontroller Diagnostics.

Safe Offline PCB Diagnosis Without Lethal 310V Mains

Troubleshooting an inverter AC PCB connected to 230V AC mains with live +310V DC bus capacitors is dangerous
and stressful. A dual-tracking bench power supply allows full functional verification of the low-voltage electronics
(MCU, sensors, optocouplers, display boards, relays) with ZERO high-voltage hazard.

Power Supply Channel Voltage Setting Current Limit Setting PCB Injection Node

Channel 1 (Gate Drive Rail) +15.0V DC 150 mA Across C201 (+15V Rail / 7815 output pin)

Channel 2 (Logic / MCU Rail) +5.00V DC 300 mA Across C202 (+5V Rail / 7805 output pin)

Bench Simulation & Current Limit Protection

Set the power supply current limit to 150mA on the 15V rail. If the IPM has an internal short circuit on its VCC gate
pin, the power supply enters 'Constant Current' (CC) mode and clamps voltage to <2V, safely protecting the PCB
traces without blowing fuses or smoking regulators.

MCU Alive Test: With +5V injected, connect your oscilloscope to the MCU crystal oscillator (usually 8MHz /
16MHz). If you see a clean sinusoidal oscillation and the outdoor status LED begins to blink its diagnostic code, the
microcontroller, reset IC, and firmware are 100% functional!
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CHAPTER 41 • COMPONENT-LEVEL MICRO-REPAIR

Safely Discharging the DC Bus: Lethal Voltage Mitigation

Protocol Type: High-Energy Capacitor Discharge & Safety Isolation | Applicable Hardware: All Inverter AC
Outdoor Power Stages (310V - 420V DC Banks).

The Hidden Lethal Danger of Inverter Capacitor Banks

Inverter outdoor boards contain massive electrolytic capacitor banks (typically two to four 680uF to 1500uF / 450V
capacitors). When fully charged to 340V DC, this bank stores over 80 Joules of energy—more than enough to
induce fatal ventricular fibrillation or cause permanent nerve damage upon accidental touch. Even after
disconnecting mains power, high-grade capacitors can hold lethal charge for over 48 hours if the onboard bleeder
resistors have failed!

Discharge Method Tools Required Safety Rating Technical Risk / Outcome

Screwdriver Dead-Short
(WRONG!)

Metal Screwdriver
LETHAL &
FORBIDDEN

Explosive plasma arc; welds
screwdriver tip; vaporizes PCB
traces; cracks capacitor dielectric

Incandescent Light Bulb
100W 240V Tungsten
Bulb + Probes

Acceptable (Field
Method)

Filament provides cold resistance of
~40Ω; bulb flashes and dims as
energy drains

Ceramic Power Resistor
(RECOMMENDED)

2kΩ 25W Wirewound
Ceramic + Shrouded
Probes

PROFESSIONAL
GOLD STANDARD

Controlled, spark-free exponential
discharge; brings 380V DC to <2V in
8.5 seconds

SOP: Fabricating a Professional DC Bus Discharge Tool

1. Solder a 2.0 kΩ 25W ceramic wirewound power resistor in series with two heavy-duty CAT III 1000V test
leads.

2. Encase the entire resistor body in heavy dual-wall adhesive-lined heat shrink tubing to prevent accidental
contact.

3. Place the probe tips across the positive (+) and negative (-) terminals of the primary DC bus capacitor bank.
Hold firmly for 10 seconds.

4. Verify with DMM: Measure DC voltage with a calibrated multimeter. Voltage MUST read < 3.0V DC before
touching any solder joint or component on the board.

Dielectric Absorption (Memory Effect): High-voltage capacitors exhibit dielectric absorption, where a discharged
capacitor can slowly recover 10V - 25V of charge on its own after the discharge resistor is removed! Always keep a
temporary jumper wire across the DC bus while performing active soldering work.
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CHAPTER 42 • COMPONENT-LEVEL MICRO-REPAIR

Chemical & Thermal Conformal Coating Removal

Protocol Type: PCB Surface Decontamination & Protective Layer Stripping | Applicable Hardware: Tropicalized
Outdoor Inverter PCBs (Daikin, O General, Panasonic, LG).

Conformal Coating Chemistry & Identification

Outdoor AC boards are coated with protective polymeric conformal coatings to prevent moisture, gecko intrusion,
and salt-air corrosion. Attempting to solder through this coating creates toxic hydrogen cyanide / isocyanate
fumes, contaminates the solder joint, and insulates the soldering iron tip.

Coating
Material

Visual & Physical
Identification

Chemical Stripper Solvents Thermal Response

Acrylic Resin
(AR)

Clear, hard, fluorescent
under UV blacklight

Acetone, Ethyl Acetate,
Toluene

Softens at 180°C; easily stripped
with solvent swab

Polyurethane
(UR)

Amber hue, flexible, highly
resistant to scratching

Methylene Chloride /
Specialized Stripper (Techspray
2510)

Does not melt cleanly; chars into
black carbon residue

Silicone Resin
(SR)

Thick, rubbery, soft, easily
indented with fingernail

Silicone Stripper (D-Gel), D-
Limonene

High heat resistance (up to 250°C);
must be mechanically scraped

Step-by-Step Stripping Technique

1. UV Blacklight Inspection: Illuminate the PCB under a 365nm UV blacklight torch to highlight the exact
boundaries of the coating.

2. Chemical Application: Dip a lint-free ESD swab in Acetone or specialized conformal coating remover. Apply
generously over the IPM pins and surrounding SMD components. Allow 90 seconds for the polymer to swell
and liquefy.

3. Mechanical Brushing: Use a stiff anti-static horsehair or brass ESD brush to gently scrub away the dissolved
coating without scratching the underlying solder mask.

4. IPA Rinse: Flush the area with 99.9% Pure Isopropyl Alcohol (IPA) to remove all chemical residue. Dry
thoroughly with warm air at 60°C.

Safety Mandatory: Work in a well-ventilated area or under a dedicated chemical fume extractor. Avoid contact
with plastic connectors (like Molex / JST headers), as acetone will melt polystyrene and nylon plastics!
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CHAPTER 43 • COMPONENT-LEVEL MICRO-REPAIR

Low-Melt Bismuth Alloy Desoldering for Heavy IPMs

Protocol Type: Ultra-Low-Temperature Component Extraction | Applicable Hardware: 25-Pin / 29-Pin Power
Modules (STK621, CIPOS, DIPIPM).

The Physics of Low-Melt Bismuth Alloys (ChipQuik Principle)

Standard lead-free solder (SAC305) melts at 217°C, requiring iron temperatures of 380°C - 420°C on heavy copper
ground planes. A specialized Bismuth-Tin-Indium alloy (e.g., ChipQuik SMD291) alloys with existing solder,
dropping the melting point of the entire pool down to 58°C - 138°C. The entire 25-pin module stays liquid for
over 60 seconds at room temperature, allowing the module to drop out under gravity with ZERO mechanical
pulling force!

Soldering Alloy
Melting
Temperature

Board Thermal Stress Pad Damage Risk

Standard Lead-Free
(Sn96.5/Ag3.0/Cu0.5)

217°C - 220°C
High (Requires continuous
400°C heat)

65% risk of lifted vias on
double-sided boards

Standard Leaded (Sn63/Pb37) 183°C
Moderate (Requires 350°C
heat)

25% risk of thermal
delamination

Low-Melt Bismuth Alloy
(In52/Bi32/Sn16)

58°C - 124°C
NEGLIGIBLE (Liquid at
100°C)

0% Risk: Pads remain 100%
intact!

SOP: 4-Step Bismuth Extraction Protocol

1. Apply high-tack tacky rosin flux (NC-559-V2) across all 25 IPM through-hole pins.

2. Using a chisel-tip soldering iron set to 280°C, melt a continuous bead of Low-Melt Bismuth wire across all pins,
bridging them into a continuous liquid solder pool.

3. Gently sweep the iron back and forth across the row of pins for 10 seconds until all joints liquefy completely.

4. The IPM will slide out effortlessly from the top side. CRITICAL POST-CLEANING: Bismuth is extremely brittle.
You MUST thoroughly wick away 100% of the bismuth solder using fresh copper braid and RMA flux, then
clean with IPA before soldering the new IPM with standard 63/37 solder!

Brittleness Warning: Never install a new IPM into residual bismuth solder! If bismuth remains in the joint, the
connection will develop microscopic vibration stress fractures within 2 weeks of compressor operation, causing
catastrophic intermittent phase failure.
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CHAPTER 44 • COMPONENT-LEVEL MICRO-REPAIR

Thermal Interface Engineering & Heatsink Lapping

Protocol Type: Heatsink Surface Micro-Polishing & Thermal Compound Application | Applicable Hardware: All
Inverter IPM & PFC Aluminum Heatsinks.

The Microscopic Reality of Aluminum Heatsinks

Even a polished aluminum heatsink appears like a mountain range under a microscope, with microscopic peaks
and air valleys. Air has an abysmal thermal conductivity of 0.026 W/m·K, acting as a thermal insulator. An IPM
generating 45W of heat in an air valley will experience localized junction temperatures exceeding 175°C,
triggering thermal runaway in under 90 seconds.

Thermal Interface
Material

Thermal
Conductivity (K-
Value)

Viscosity & Bleed Resistance Expected Service Life

Generic White Zinc-Oxide
Paste (Cheap)

0.8 - 1.2 W/m·K
High bleed; dries into chalk
powder in 12 months

1 Year max (UNACCEPTABLE for
Inverter IPMs)

High-Performance Non-
Curing Grease

4.5 - 6.5 W/m·K
Synthetic base; zero bleed at
150°C; non-conductive

7+ Years Continuous Service

Pre-Formed Phase
Change Material (PCM)

3.5 - 5.0 W/m·K
Melts at 45°C to fill
microscopic voids

5+ Years (Factory standard in
Daikin/Mitsubishi)

Heatsink Flatness Lapping Protocol

1. Tape a sheet of 800-grit wet/dry silicone carbide sandpaper onto a flat sheet of plate glass or precision
granite surface plate.

2. Place the heatsink base on the sandpaper with a few drops of water/IPA. Sand in a figure-8 motion for 60
seconds.

3. Repeat with 1500-grit sandpaper until the heatsink surface displays a uniform mirror finish free from
oxidation pits and machining grooves.

4. Thermal Paste Thickness Rule: Apply a small pea-sized dot (or thin X-pattern) of high-performance thermal
compound. Use a plastic spreader to create a uniform layer 0.05 mm to 0.10 mm thick (the thickness of a
single sheet of standard paper). Too much paste acts as an insulator; too little leaves air voids!

Non-Conductive Requirement: Always use non-capacitive, non-electrically conductive thermal paste (e.g., Arctic
MX-4, Noctua NT-H1, or Shin-Etsu G-751). Never use liquid metal or silver-based conductive pastes near 600V IPM
terminals!
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CHAPTER 45 • COMPONENT-LEVEL MICRO-REPAIR

DBC Ceramic Substrate Torque Sequencing

Protocol Type: Precision Mechanical Mounting & Fastener Calibration | Applicable Hardware: DIP-24, DIP-25,
SIP-29 Power Modules.

Direct Bonded Copper (DBC) Ceramic Fracture Dynamics

Inside an IPM, the 600V silicon dies are soldered onto an ultra-thin (0.38 mm) Aluminum Oxide (Al2O3) or
Aluminum Nitride (AlN) Direct Bonded Copper ceramic substrate. This ceramic provides electrical isolation while
conducting heat. Ceramic is extremely brittle under torsional flex: tightening one mounting screw fully before the
other creates a mechanical bending moment that snaps the internal ceramic, instantly shorting the 310V DC bus
to the grounded heatsink!

Fastener / Package Type
Temporary Pre-
Torque

Final Calibrated
Torque

Torque Tool Required

M3 Screws (CIPOS Mini /
DIP-24)

0.20 N·m (Hand snug)
0.55 - 0.65 N·m
max

1/4" Digital / Micro-Adjustable Torque
Screwdriver

M4 Screws (SPM27 / Large
Modules)

0.40 N·m (Hand snug)
0.80 - 1.00 N·m
max

Calibrated Torque Screwdriver (Wera /
Wiha)

Center Spring Clamping Bar
N/A (Symmetrical
pressure)

Snap-in tension
verified

Ensure bar is centered over package
apex

SOP: The 4-Stage Diagonal Torque Sequence

1. Insert both M3 mounting screws through the IPM mounting tabs into the heatsink threads.

2. Stage 1 (Alignment): Tighten Screw 1 and Screw 2 alternately with light finger pressure until screw heads just
make contact with the mounting tabs.

3. Stage 2 (Pre-Torque): Set torque screwdriver to 0.20 N·m. Tighten Screw 1 to 0.20 N·m ➔ Tighten Screw 2 to
0.20 N·m.

4. Stage 3 (Thermal Squeeze): Wait 30 seconds for the thermal compound to spread under pressure.

5. Stage 4 (Final Torque): Set torque screwdriver to 0.60 N·m. Tighten Screw 1 to 0.60 N·m ➔ Tighten Screw 2
to 0.60 N·m.

Thread Stripping Danger: Inverter heatsinks are cast from soft extruded aluminum. Overtightening above 0.8 N·m
strips the aluminum threads permanently, requiring drilling and Helicoil thread insertion!
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CHAPTER 46 • COMPONENT-LEVEL MICRO-REPAIR

Replacing Gate Drive Optocouplers & CTR Verification

Protocol Type: Optical Isolation Barrier Testing & High-Speed Optocoupler Replacement | Applicable Hardware:
TLP250, TLP350, HCPL-3120, PC817.

Current Transfer Ratio (CTR) Degradation & Gate Starvation

Optocouplers utilize an internal Infrared LED paired with a phototransistor or high-speed driver IC. Over 3-5 years
of continuous operation in hot outdoor units, the internal GaAs IR LED suffers lattice degradation, causing its
Current Transfer Ratio (CTR) to drop from 150% down to <30%. The degraded optocoupler cannot turn on fully,
rounding off the sharp PWM square wave into a slow ramp, which causes extreme IGBT switching dissipation and
blowout.

Optocoupler Model Package Circuit Function Critical Benchmark Test

TLP250 / TLP350 (Toshiba)
DIP-8 /
SMD-8

Direct High-Current Gate Driver
(1.5A peak)

Output rise time < 250ns; propagation
delay < 0.5us

HCPL-3120 / ACPL-3130
(Avago)

DIP-8 /
SMD-8

High-Noise Immunity Gate
Driver (2.0A peak)

Common-mode transient immunity
(CMTI) > 15kV/us

PC817C / TLP785
(Sharp/Toshiba)

DIP-4 /
SMD-4

Feedback, Voltage & Comm
Isolation

CTR Rank C (200% - 400% CTR)
required!

SOP: Bench Testing Optocoupler CTR & Rise Time

1. Build a simple bench test jig: Apply 5V DC through a 470Ω resistor to the optocoupler input LED (Pins 1-2).

2. Connect +15V DC through a 1kΩ pull-up resistor to the phototransistor collector (Pin 4) and ground the
emitter (Pin 3).

3. Measure Vce saturation voltage across Pins 3 and 4: A healthy optocoupler must pull Vce down to < 0.15V DC.
If Vce measures > 0.8V DC, the optocoupler has degraded CTR and must be replaced.

4. Replace in Matched Sets: On 3-phase gate drive boards, ALWAYS replace all 3 high-side or all 6 optocouplers
as a matched set from the same manufacturing batch to maintain identical propagation delays across all three
motor phases.

Cleanliness Rule: Flux residue left under the body of an optocoupler can bridge the high-voltage 5000V isolation
barrier. Clean thoroughly with IPA and inspect with a microscope before powering on!
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CHAPTER 47 • COMPONENT-LEVEL MICRO-REPAIR

Precision Shunt Resistor Kelvin Sensing Calibration

Protocol Type: 4-Wire Kelvin Resistance Measurement & Current Sense Calibration | Applicable Hardware:
0.010Ω - 0.050Ω Current Sensing Shunts.

The Mathematics of Shunt Resistor Drift

Inverter motor controllers measure millivolt drops across ultra-low resistance shunt resistors (typically 0.020Ω =
20 milliohms). According to Ohm's Law (V = I × R), at 15A compressor current, a 0.020Ω shunt generates exactly
300 mV drop.

If overheating or thermal cycling causes the shunt resistor to drift upward by just 5 milliohms (to 0.025Ω), the
voltage drop at 15A becomes 375 mV. The MCU calculates this as 18.75A (25% higher than reality), triggering
permanent false overcurrent lockouts (LG CH21, Daikin L5, Voltas P0) even when the compressor is in perfect
condition!

Nominal Value Marking Code Tolerance Spec Kelvin 4-Wire Standard (mΩ) Max Trip Threshold Voltage

0.010 Ω (10 mΩ) R010 / 10L0 1% Metal Strip 10.0 mΩ ± 0.1 mΩ 0.20V DC at 20A peak

0.015 Ω (15 mΩ) R015 / 15L0 1% Metal Strip 15.0 mΩ ± 0.15 mΩ 0.30V DC at 20A peak

0.020 Ω (20 mΩ) R020 / 20L0 1% Metal Strip 20.0 mΩ ± 0.20 mΩ 0.40V DC at 20A peak

0.050 Ω (50 mΩ) R050 / 50L0 1% Metal Strip 50.0 mΩ ± 0.50 mΩ 0.50V DC at 10A peak

4-Wire Kelvin Resistance Testing Method

1. A standard 2-wire multimeter cannot measure milliohms because test lead resistance (0.2Ω - 0.5Ω)
overwhelms the reading.

2. Use a dedicated 4-Wire Milliohm Meter (e.g., Korad KEL103 or DMM with 4-wire Kelvin clips). Inject a constant
1.000A DC current through the outer Kelvin clips.

3. Measure the millivolt potential directly across the inner Kelvin sense pins. The meter displays true resistance
down to 0.1 milliohm precision.

4. If replacing a shunt, use a low-inductance, open-air metal element resistor with a temperature coefficient (TCR)
< 50 ppm/°C. Never use standard wirewound inductive resistors!

Inductance Warning: Never substitute a wirewound cement resistor in a high-speed PWM current sensing circuit!
Wirewound resistors have high parasitic inductance that generates massive false inductive spikes (L·di/dt) during
15kHz PWM switching, instantly triggering overcurrent shutdown.

8/15/26, 9:49 PM



Elite Inverter AC IPM Diagnostics Masterclass (Zero Repetition Edition) • Page 53 of 55

CHAPTER 48 • COMPONENT-LEVEL MICRO-REPAIR

High-Frequency SMPS Transformer Ring Testing

Protocol Type: Ferrite Core Flyback Transformer Integrity Testing | Applicable Hardware: Inverter Outdoor SMPS
Power Supplies (TOP253, TNY277, VIPer12A).

The Blown SMPS IC Mystery: Shorted Transformer Turns

A common scenario in inverter board repair: a technician finds a blown SMPS switcher IC (e.g., TOP253PN with a
crater in its body). The technician replaces the IC, powers up the board, and the new IC instantly explodes with a
bright flash. The root cause is a shorted turn inside the high-frequency ferrite flyback transformer winding. A
shorted turn collapses the primary inductance from 1.5mH down to <50uH, turning the primary winding into a
dead short across the 310V DC bus!

Diagnostic Tool Test Method Healthy Transformer Result Shorted Turn Result

Standard Multimeter
(Resistance)

Measures DC copper
resistance

Reads 1.2Ω (Normal)
Reads 1.1Ω (FAILS TO
DETECT SHORTED TURN!)

Inductive Ring Tester
(Dick Smith / Anatek)

Injects fast pulse and counts
tuned LC resonance rings

8 to 14 Yellow/Green Ring
LEDs (High Q-Factor)

0 to 2 Red LEDs (Zero
Ringing - COLLAPSED Q!)

LCR Meter (100kHz
Inductance)

Measures primary winding
inductance

1.2 mH to 2.5 mH (±10%)
< 150 uH (Primary
Inductance Collapsed)

SOP: Ring Testing an Inverter SMPS Transformer in 5 Seconds

1. Discharge all PCB capacitors. The test is performed with the board UNPOWERED.

2. Connect the two Ring Tester probe clips across the primary switching winding of the transformer (connected
between +310V DC bus and the Drain pin of the switcher IC).

3. Press the test button: An intact high-Q transformer rings cleanly, lighting up 8+ LEDs on the bar graph.

4. If the meter shows 0-2 LEDs, either the transformer has shorted turns OR a secondary snubber diode (UF4007
/ FR107) is shorted. Desolder the secondary diodes and re-test. If it still shows 0 LEDs, the transformer must be
rewound or replaced.

Snubber Circuit Verification: Always inspect the primary RCD snubber circuit (typically a 100kΩ 2W resistor, 1nF
1kV ceramic cap, and FR107 ultra-fast diode). If the snubber diode opens, inductive flyback spikes exceed 700V,
puncturing the Drain-Source junction of the new switcher IC.
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CHAPTER 49 • COMPONENT-LEVEL MICRO-REPAIR

Restoring Conformal Coating & Dielectric Sealing

Protocol Type: Environmental Protection & Anti-Corrosion Sealing | Applicable Hardware: All Serviced Inverter
AC Electronic Boards.

Why Unsealed Repaired Boards Fail in Monsoon Season

Outdoor AC boards operate in extreme tropical environments with 95% humidity, coastal salt spray, and
atmospheric pollution. When a technician solders a new IPM or resistor, the original protective lacquer is burned
away, leaving exposed copper traces and microscopic ionic flux residues. During monsoon season, atmospheric
moisture dissolves these flux salts, creating an electrolyte that grows conductive copper-dendrite crystals across
adjacent 310V traces, causing explosive arcing and destruction within 60 days of repair.

Conformal Coating Type
Dielectric
Strength

Moisture Resistance Cure Method & Speed

UV-Curable Acrylated
Polyurethane

> 2500 V/mil
Exceptional (Immersion
rated)

Cures in 30 seconds under
395nm UV LED torch

Silicone Conformal Lacquer (MG
Chemicals 422B)

> 1500 V/mil
High flexibility & thermal
resistance (200°C)

Tack-free in 10 mins; full air
cure in 24 hours

Clear Acrylic Spray Lacquer > 800 V/mil
Moderate (Standard indoor
grade)

Air dry in 30 minutes; easily
reworked

SOP: Professional 4-Step Re-Sealing Protocol

1. Flux Neutralization: Scrub the entire repair zone with 99.9% IPA and an ESD brush to remove 100% of
rosin/acid flux residues. Dry with warm air at 70°C for 5 minutes.

2. Masking Critical Contacts: Apply Kapton tape over all connectors, DIP switches, test points, heatsink contact
pads, and potentiometers. Conformal coating on connector pins causes permanent open-circuit faults!

3. Coating Application: Apply an even, bubble-free layer of UV-curable solder mask or high-grade silicone
conformal lacquer over all soldered pins, exposed copper traces, and SMD components.

4. UV Photopolymerization: Expose the coated zone to a high-power 395nm UV LED curing lamp for 60
seconds until the polymer cross-links into an impenetrable, glass-hard protective shield.

Heatsink Pad Isolation: NEVER allow conformal coating to run onto the bare aluminum heatsink mounting pad!
Cured conformal coating acts as a thermal insulator (K < 0.15 W/m·K), blocking heat transfer from the IPM to the
heatsink and causing instant thermal failure!
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CHAPTER 50 • COMPONENT-LEVEL MICRO-REPAIR

3-Phase Incandescent Dummy Load Bench Validation

Protocol Type: Non-Destructive Inverter Phase Balance & Dynamic Load Testing | Applicable Hardware: All
Serviced Inverter Outdoor Motherboards.

The Golden Rule: Never Connect a Repaired PCB Directly to a Real Compressor!

A repaired inverter board should NEVER be tested directly on a 2.0 Ton compressor immediately after soldering. If
a gate driver has an unspotted timing defect or an optocoupler is slow, the compressor's massive 30A stall current
will instantly destroy your new $40 IPM module within 200 milliseconds, ruining your repair and your profit
margin.

Building a 3-Phase Star / Delta Incandescent Test Jig

Fabricate a 3-phase dummy load using three identical 100W 240V clear incandescent light bulbs wired in a
Star (Y) or Delta configuration, connected directly to the U, V, and W output terminals of the PCB.

Visual Bulb Behavior
Oscilloscope U-V-W Phase
Voltage

Root Cause Diagnosis & Board Status

All 3 bulbs glow with equal,
smoothly pulsing intensity

3 balanced sinusoidal PWM
envelopes (120° apart)

100% SUCCESS: IPM, Gate Drive, Shunts &
MCU are fully functional!

2 bulbs glow brightly; 1 bulb
remains completely dark

Missing PWM switching on
one phase leg

Dead high-side gate driver, open bootstrap diode,
or blown gate resistor on dark phase

1 bulb flickers violently / stutters
Severe phase imbalance
(>15% voltage delta)

Leaky lower IGBT, degraded bootstrap capacitor,
or shifted shunt amplifier offset

All 3 bulbs flash once and shut
down immediately

MCU trips fault on startup
Missing compressor inductive back-EMF feedback
(Normal for some strict sensorless boards)

SOP: Complete Bench Simulation Run Protocol

1. Connect the 3-bulb dummy load jig to the U, V, W output header of the repaired outdoor PCB.

2. Connect 10kΩ potentiometers to the temperature sensor headers (Ambient, Coil, Discharge) to simulate
normal 25°C operating temperatures.

3. Power the board through an isolation transformer with a 200W series safety light bulb on the AC mains line.

4. Send a cooling run command. Observe the 3 test bulbs: as the MCU ramps up frequency from 15Hz to 60Hz,
all three bulbs will smoothly transition from dim pulsing to brilliant, steady illumination.

5. Measure AC phase-to-phase voltages across U-V, V-W, and W-U using a True-RMS DMM: All 3 voltages MUST
be balanced within ±1.5V AC. The board is now 100% verified and certified for installation!

Final Workshop Certification: Congratulations! By executing these 50 standardized industrial protocols, you have
transitioned from a trial-and-error parts-changer into an elite component-level inverter electronics engineer
capable of repairing any inverter AC system on the global market.
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