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I2C Electrical Validation Solution 

◼ Introduction: 

 

Use an oscilloscope to do I2C Electrical Validation to ensure that the I2C meets the defined 

specifications. It can be confirmed that the electrical characteristics of the signal to be tested 

meet the specifications after a long burn-in test. For protocol electrical validation 

 

I2C Protocol electrical characteristic detection is usually divided into two types: vertical (voltage) 

and horizontal (time/phase). 

 

Therefore, when using this function, you must first set the selected protocol and specifications, 

and then repeat the test to get the electrical characteristics test report. The test items will have 

different specifications and standards depending on the I2C Speed. 

 

Part of the electrical characteristics of common I2C specifications: 
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The report of common I2C validation: 

 

 

Dedicated page for Electrical Validation:

 

1. Different Speed Mode including Standard Speed Mode (~100kHz) / Fast Mode (~400kHz) / 

Fast Mode+ (~1MHz) / HS Mode(~3.4MHz) 

2. Frequency:  Clock speed 

3. Timing:  Set-up Time / Hold Time / Rise Time / Fall Time & Clock Stretching Timing limitation 

4. Voltage: V_IL, V_IH, etc. 
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◼ I2C Electrical Validation Settings: 
1. General Settings: Channel sources, working voltage and speed 
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2. Decode Settings: I2C decoding settings 
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3. Electrical validation settings: Voltage, timing, frequency limitation 
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4. Software electrical validation interface: 

 

 

 

5. Software electrical validation control panel: 

A. Stop Conditions: 

Stop when acquired X times 

Stop when Result Fail > X times 

 

 

B. Information: 

Select waveform 

 

 

C. Save File: 

Save as Html 

  Save as .MOW(Software format) 

 

 

 

 

 

 

 

6. Overview Report: 

A 

B 

C 
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7. Detail Report: 

 

 

8. Reference Point Dialog & Waveform: 
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9. Html Report: 
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MIPI I3C Electrical Validation Solution 

◼ Introduction: 

MIPI I3C is backward compatible with many Legacy I2C Devices, but I3C Devices also support 

higher speed (with SCL clock speed up to 12.5 MHz) and new communication modes. MIPI I3C 

modes include Single Data Rate (SDR) Mode, High Data Rate (HDR) Mode. HDR Mode is 

also divided into Dual Data Rate (HDR-DDR) Mode, Ternary Symbol Legacy Mode (HDR-

TTL) Mode, Ternary Symbol Pure-bus (HDR-TSP) Mode, and Bulk Transport (HDR-BT) 

Mode.  

MIPI I3C Electrical Validation offers various electrical measurements compliance testing as 

specified in the MIPI I3C Specification (currently supports MIPI I3C version 1.1.1). 
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◼ I3C Electrical Validation Settings: 
1. General Settings: Channel sources, working voltage and speed 
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In the General Settings section, the selection of Speed Mode determines a suitable sample rate for 

validation, but also affects the timing specification table in the validation settings section. For 

instance, in HDR-TSL and HDR-TSP Mode, there are additional timing specifications listed in the 

table. 

 

 

 

Furthermore, the Bus Configuration section specifies the devices you connected on the I3C Bus. If 

it is a Pure-Bus setup, I2C timing table is thus not required, which is discussed in the Validation 

Settings section. On the other hand, a Mixed Bus setup will include the timing table for I2C 

Legacy Devices, and there default timing values are determined by using Fast Mode (Fm) or Fast 

Mode (Fm+) configuration, which is an identical settings to I2C Electrical Validation setup. 
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2. Decode Settings 
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3. Trigger Settings 

 

 

If you are interested in analyzing specific devices address, set the trigger address to the value you 

prefer. In the figure above, “XX” stands for don’t care term. Thus, it triggers on all address in this 

case. It also provides triggering on Common Command Code (CCC), which is specified on the 

Broadcast Address 7’h7E. 
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4. Validation Settings 

 

This section includes 5 parameter tables, including 

• Frequency 

• I3C timing requirements when communicating with I2C Legacy Devices 

• I3C Open Drain timing parameters 

• I3C Push-Pull timing parameters 

• I3C I/O stage characteristics voltage requirements 

All specification table are listed below.  

In the Pure Bus setup, the timing requirements table with I2C Legacy Devices is not required and 

thus be hidden from the parameter settings dialog. The frequency parameter fSCL will also be 

hidden in the Pure Bus setup. 
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I3C Frequency Requirements 

Symbol Electrical Parameter 

fSCL SCL Clock Frequency when communicating with I2C Legacy 

Devices1 

tSCL_PP SCL Clock Frequency 

tBT_FREQ HDR-BT SCL Clock Frequency 

 

I3C Timing Requirements When Communicating With I2C Legacy Devices1 

Symbol Electrical Parameter 

tSU_STA Setup Time for a REPEATED START 

tHD_STA Hold Time for a (REPEATED) START 

tLOW SCL Clock Low Period 

tDIG_L SCL Clock Low Period as seen at the receiver 

tHIGH SCL Clock High Period 

tDIG_H SCL Clock High Period as seen at the receiver 

tSU_DAT Data Setup Time 

tHD_DAT Data Hold Time 

trCL SCL Signal Rise Time 

tfCL SCL Signal Fall Time 

trDA SDA Signal Rise Time 

trDA_OD SDA Signal Rise Time (Open Drain) 

tfDA SDA Signal Fall Time 

tSU_STO Setup Time for STOP 

tBUF Bus Free Time Between a STOP and a START 

tSPIKE Pulse Width of Spikes that Spike Filter Must Suppress 

 

 
1 Only available when the bus configuration is set to Mixed Bus (i.e. at least one I2C legacy device is presented on 

the I3C bus). 
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I3C Open Drain Timing Requirements 

Symbol Electrical Parameter 

tLOW_OD SCL Clock Low Period 

tDIG_OD_L SCL Clock Low Period as seen at the receiver 

tHIGH_INIT High Period of SCL Clock (for First Broadcast Address) 

tHIGH_OD SCL Clock High Period 

tDIG_OD_H SCL Clock High Period as seen at the receiver 

tfDA_OD SDA Data Fall Time 

tSU_OD SDA Data Setup Time During Open Drain Mode 

tCAS Clock After START (S) Condition 

tCBP Clock Before STOP (P) Condition 

tCRHPOverlap Active Controller to Secondary Overlap time during handoff 

tAVAL Bus Available Condition 

tIDLE Bus Idle Condition 

tNEWCRLock Time Interval Where New Controller Not Driving SDA Low 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

19 
皇晶科技股份有限公司 Acute Technology Inc. 

Copyright©2023 
 
 

 

I3C Push-Pull Timing Requirements 

Symbol Electrical Parameter 

tLOW SCL Clock Low Period 

tDIG_L SCL Clock Low Period as seen at the receiver 

tHIGH SCL Clock High Period 

tDIG_H SCL Clock High Period as seen at the receiver 

tSCO Clock in to Data Out for Target 

tCR_PP SCL Clock Rise Time 

tCF_PP SCL Clock Fall Time 

tHD_PP_Controller SDA Signal Data Hold (Controller) 

tHD_PP_Target SDA Signal Data Hold (Target) 

tSU_PP SDA Signal Data Setup 

tCASr Clock After Repeated START (Sr) Condition 

tCBSr Clock Before Repeated START (Sr) Condition 

tBT_HO HDR-BT Master to Slave Hand Off Delay 

tBT_STALL HDR-BT Clocked Not-Ready Data-Block Headers 
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I3C I/O Stage Characteristics Voltage Requirements 

Symbol Electrical Parameter 

VIL Low-Level Input Voltage 

VIH High-level Input Voltage 

VOL Low-level Output Voltage 

VOH High-level Output Voltage 
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5. Sample Result 
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PDM Electrical Validation Solution 

◼ Introduction: 

 

Use an oscilloscope to do PCM Electrical Validation to ensure that the PDM meets the defined 

specifications. It can be confirmed that the electrical characteristics of the signal to be tested 

meet the specifications after a long burn-in test. For protocol electrical validation 

 

PDM Protocol electrical characteristic detection is usually divided into two types: vertical 

(voltage) and horizontal (time/phase). 

 

Therefore, when using this function, you must first set the selected protocol and specifications, 

and then repeat the test to get the electrical characteristics test report. The test items will have 

different specifications and standards depending on the PDM baud rate. 

 

Part of the electrical characteristics of common PDM specifications: 
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The report of common PDM validation: 

 

 

Dedicated page for Electrical Validation:

 

5. Frequency:  Clock speed 

6. Timing:  Set-up Time / Hold Time / Rise Time / Fall Time & Clock Stretching Timing limitation 

7. Voltage: VL, VH, etc. 
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Frequency: 

Symbol Electrical Parameter 

fSCL PDM_CLK Frequency Range 

 

Time: 

Symbol Electrical Parameter 

tLOW Low Period of the Clock 

tHIGH High Period of the Clock 

trCL Rise time of Clock signal 

tfCL Fall time of Clock signal 

trDD Delay time from Clock edge to Data Rise driven 

tfDD Delay time from Clock edge to Data Fall driven 

trDV Delay time from Clock edge to Data Rise valid 

tfDV Delay time from Clock edge to Data Fall valid 

 

Voltage: 

Symbol Electrical Parameter 

VClkLow Low-level Input voltage for clock 

VClkHigh High-level Input voltage for clock 

VDataLow Low-level Input voltage for data 

VDataHigh High-level Input voltage for data 
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◼ PDM Electrical Validation Settings: 
1. General Settings: Channel sources, working voltage and speed 
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2. Decode Settings: PDM decoding settings 
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3. Electrical validation settings: Voltage, timing, frequency limitation 
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4. Software electrical validation interface: 

 

5. Software electrical validation control panel: 

A. Stop Conditions: 

Stop when acquired X times 

Stop when Result Fail > X times 

 

 

B. Information: 

Select waveform 

 

 

C. Save File: 

Save as Html 

  Save as .MOW(Software format) 

 

 

 

 

 

 

A 
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6. Overview Report: 
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7. Detail Report: 
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8. Reference Point Dialog & Waveform: 
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9. Html Report: 
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SPI Electrical Validation User Guide 

◼ Settings Guide 
1. General Settings 

 

In the General Settings section, it is mandatory to select the type of SPI type, depending on your 

bus configuration (4-wire SPI or 3-wire SPI). 

4-wire Channel Setup 

 

3-wire Channel Setup 
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2. Decode Settings 

 

In the Decode Settings, it requires you to setup the SPI data format and the Latching Edge of each 

channel. The SPI data format set here is applied both to the Decode and Trigger Settings. 

3. Trigger Settings 

 

The data format is set on the previous page. The remaining setup is all about the data address and 

which data pin to trigger. 
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4. Validation Settings 

 

There are no standard measurement limits defined for SPI bus. Therefore, it is recommended to 

define your own limits while validate SPI signals. 

This section displays 3 characteristics table, including 

• Frequency 

• Timing parameters 

• Voltage requirements 

All supported validation parameters’ symbols and descriptions are listed in the table below. 
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SPI Frequency Requirements 

Symbol Electrical Parameter 

fSCLK SCLK Clock Frequency 

 

SPI Timing Requirements 

Symbol Electrical Parameter 

tSU,SDI SDI Setup Time 

tHD,SDI SDI Hold Time 

tDIO SDI Output Delay Time 

tSU,SDO SDO Setup Time 

tHU,SDO SDO Hold Time 

tD SDO Output Delay Time 

tHIGH SCLK High Time 

tLOW SCLK Low Time 

tSU,CS CS Chip Select Setup Time 

tSU,CS CS Chip Select Hold Time 

tCS Chip Select Deselect time (Chip Select High Time) 

tCLKr SCLK Clock Rise Time 

tCLKf SCLK Clock Fall Time 

 

SPI Voltage Requirements 

Symbol Electrical Parameter 

VIL Low-Level Input Voltage 

VIH High-level Input Voltage 

VOL Low-level Output Voltage 

VOH High-level Output Voltage 
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UART Electrical Validation Solution 

◼ Introduction: 

 

Use an oscilloscope to do UART Electrical Validation to ensure that the UART meets the defined 

specifications. It can be confirmed that the electrical characteristics of the signal to be tested 

meet the specifications after a long burn-in test. For protocol electrical validation 

 

UART Protocol electrical characteristic detection is usually divided into two types: vertical 

(voltage) and horizontal (time/phase). 

 

Therefore, when using this function, you must first set the selected protocol and specifications, 

and then repeat the test to get the electrical characteristics test report. The test items will have 

different specifications and standards depending on the UART Speed. 

 

 

 

 

The report of common UART validation: 
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Dedicated page for Electrical Validation: 

 

1. Frequency:  Clock speed 

2. Timing:  Set-up Time / Hold Time / Rise Time / Fall Time & Clock Stretching Timing limitation 

3. Voltage: V_L, V_H, etc. 
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◼ UART Electrical Validation Settings: 
1. General Settings: Channel sources, working voltage and speed 
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2. Decode Settings: UART decoding settings 
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3. Electrical validation settings: Voltage, timing, frequency limitation 

 
 

 

4. Software electrical validation interface: 
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5. Software electrical validation control panel: 

D. Stop Conditions: 

Stop when acquired X times 

Stop when Result Fail > X times 

 

 

E. Information: 

Select waveform 

 

 

F. Save File: 

Save as Html 

  Save as .MOW(Software format) 

 

 

 

 

 

 

 

6. Overview Report: 

 

 

A 

B 

C 
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7. Detail Report: 

 

 

8. Reference Point Dialog & Waveform: 
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9. Html Report: 
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MSO/TS3000 series 64-Channel cascading 

 

◼ Introduction 
 

One of the key features of the Acute MSO3K/TS3K oscilloscope is its multi-unit 

stacking capability, allowing for the stacking of up to 16 devices, achieving a 

maximum measurement capability of 64 channels at 250MS/s or 16 channels at 

1GS/s simultaneously. In terms of its chassis design, the MSO3K/TS3K is specifically 

designed for stacking applications, featuring carefully designed positioning grooves 

that allow the oscilloscope to be perfectly aligned when stacked. Additionally, the 

oscilloscope's thermal performance has been thoroughly considered and includes 

dual-side heat vents to ensure there are no overheating issues during extended 

operation. 

 

Regarding signal connections, users have the option to directly connect the test 

signal to the oscilloscope through standard BNC connectors or use passive probes 

or differential probes for more extensive measurements. Furthermore, Acute also 

offers a BNC to Probe Tip Adaptor, which can improve common measurement 

quality issues associated with traditional probes, ensuring users obtain the most 

accurate measurement results. 
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◼ Software User Interface 
1. 64Channel @ 250MS/s 

 

 

2. 16Channel @ 1GS/s 
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◼ Connection 
1. Connect with BNC to BNC Probe 

 

2. Connect with Passive Probe 
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3. Connect with Passive Probe & BNC to Probe Tip Adaptor 

 

4. Connect with High Voltage Differential Probe 
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5. Cascading 16 Devices(64 Channels)  
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◼ Cautions 
1. The MSO3K/TS3K instrument operates on a USB 3.0 interface and consumes approximately 

4.5 to 7.7 watts during operation. It is recommended to connect it to a USB 3.0 port at the 

rear of your computer or use a USB 3.0 hub with its own power supply to ensure optimal 

measurement quality. 

2. The MSO3K/TS3K instrument has undergone internal testing and can operate for extended 

periods without overheating even in a stacked configuration. However, when using the 

instrument for an extended period in high-temperature or poorly ventilated environments, it 

is essential to monitor the operating temperature of the device and consider providing 

additional cooling measures if needed to prevent overheating (temperature exceeding 80 

degrees Celsius) that could impact its operation. 

 

 

3. When multiple units are stacked, there will be some level of phase difference between them 

due to differences in sampling rates. For example, at a 1GS/s sampling rate, the phase 

difference between the master unit and the first slave unit is < ±2ns, and between the master 

unit and the last slave unit is < ±3ns. 
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Master & Slave (2nd Device) Phase Delay 

 

Master & Slave (16th Device) Phase Delay 

 

 

 

 


