
1

Millennium/EmpowerMillennium/Empower
Advance Training for Advance Training for TevaTeva

Dr. Shulamit Levin
levins@medtechnica.co.il

Reviewing DataReviewing Data
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Review Multiple ChannelsReview Multiple Channels

The list of channels is in the 2D channels viewThe list of channels is in the 2D channels view
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The results of the integration and calculation will The results of the integration and calculation will 
be the “Peaks” viewbe the “Peaks” view

A channel is a real original raw data 

The list of The list of resultsresults selected for review is shown selected for review is shown 
in the in the 2D Channels2D Channels
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The results of the integration and The results of the integration and 
calculation is in the “Peaks” viewcalculation is in the “Peaks” view

All Review’s WindowsAll Review’s Windows

The Processing Method’s Window

The ResultThe Result’’s Windows Window
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IntegratingIntegrating
Complex ChromatogramsComplex Chromatograms

A Complex ChromatogramsA Complex Chromatograms
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Scaling OptionsScaling Options
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A Complex ChromatogramsA Complex Chromatograms
Where to begin?Where to begin?

Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Integration EventsIntegration Events
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Setting Up The Components in the Setting Up The Components in the Component TableComponent Table

Clear integration, then select Clear integration, then select 
manually the major peaks, go manually the major peaks, go 
to The Processing Method to The Processing Method 
view and use:view and use:
OptionsOptions-->>
Fill from resultsFill from results

Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Setting Up The Components in the Setting Up The Components in the Component TableComponent Table
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Setting Up The Components in the Setting Up The Components in the Component TableComponent Table

Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Setting Up The Components in the Setting Up The Components in the Component TableComponent Table
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Use: Use: Show ComponentsShow Components and and Show EventsShow Events

Integrating Complex ChromatogramsIntegrating Complex Chromatograms
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms

Inhibit IntegrationInhibit Integration

Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Select a small narrow peak and get Select a small narrow peak and get Peak widthPeak width and and 
ThresholdThreshold
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ZOOM
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Integration EventsIntegration Events
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Just from Just from Peak WidthPeak Width, , ThresholdThreshold & Inhibit Integration& Inhibit Integration
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
ValeyValey to to ValeyValey
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Manual Exponential SkimManual Exponential Skim

Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Height Rejection Height Rejection –– How to do it right How to do it right 
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Height Rejection Height Rejection –– How to do it rightHow to do it right
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms
Height Rejection Height Rejection –– How to do it rightHow to do it right
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A segment in the chromatogram:A segment in the chromatogram:
Some of them are not peaksSome of them are not peaks
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Height Rejection: h> 3x baseline noiseHeight Rejection: h> 3x baseline noise

Baseline Start Time and Baseline Start Time and 
Baseline End TimeBaseline End Time

Condition Setting
Total Run Time 10 minutes
% of Run Time to Average 5%
Average Time 0.5 minute (5% of 10 minutes)
Baseline Start 1 minute
Baseline End 9 minutes

The software determines the 30-second intervals by counting from the Baseline Start Time and the 
Baseline End Time toward the middle of the chromatogram. 

If the averaged region is < 30 seconds, noise is reported as a blank.
.

Noise (maximum voltage change over a 30-second interval). Noise value is a number of 30-
second intervals as determined by the % Run Time Over Which to Average parameter

System Suitability
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Signal Signal (Peak Height)(Peak Height) to Noiseto Noise

Must use System Suitability and Custom Fields***
Equation to use to calculate Signal/Noise:Equation to use to calculate Signal/Noise:
Height/(1000*Baseline Noise)Height/(1000*Baseline Noise)
(same injection for noise and peak for s/n calculation)(same injection for noise and peak for s/n calculation)

Modifications to this calculation:
Using different sample to calculate signal to noiseUsing different sample to calculate signal to noise
(Height/1000)/S0101.1.2487(Baseline_Noise) where S0101 is the Sa(Height/1000)/S0101.1.2487(Baseline_Noise) where S0101 is the Sample mple 
label, 1 is the injection number and 2487channel1 is the Channellabel, 1 is the injection number and 2487channel1 is the Channel Name)Name)

*** *** -- Covered in the custom fields sectionCovered in the custom fields section

Detector Noise and Drift (ASTM)Detector Noise and Drift (ASTM)

Specify a time to calculate noise and drift results. For averaged noise/drift values, specify a 
segment width (in seconds) for the software to divide the data into segments and averages for 
each segment.

The noise and drift chromatogram results include: ·Total Values – Detector Noise, Peak to Peak 
Noise, and Detector Drift  

Average Values – Average Detector Noise, Average Peak to Peak Noise, and Average Detector 
Drift

Only Detector Noise
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Baseline Noise is in the Baseline Noise is in the ResultsResults WindowWindow

0.009x1000=9 uV

Minimum Height can be : 27

Baseline Noise is in the Baseline Noise is in the ResultsResults WindowWindow

AU
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Integrating Complex ChromatogramsIntegrating Complex Chromatograms

Simple Processing Using the Simple Processing Using the 
Processing WizardProcessing Wizard

Pre-enter the amounts in Run 
Samples or Alter Sample for the 
standard – even for Internal Standard
Always select low concentration 
standards/unknwons when using the 
wizard to create a Processing Method
Recommended to select an unknown 
to edit/test
Save the processing method, batch 
process using the Sample Set, 
Injections or Channel View
(If using the Injection/Channel view, 
make sure to select Standards before 
unknowns)
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1. Peak Width used for Data Bunching

4. Minimum Area/Height for Peak Rejection3. Peak Width used for Inhibit Integration

2. Threshold for Peak Detection

5. Calibration – General

*Injection Volumes for concentration

**Recommended for Linear – 3 standard 
concentrations, 3rd order – 5 
concentrations, etc.

*

**

6. Component Names

If a standard was selected,  the component 
names displayed in the drop down box is from 
the names entered in the Amounts table in Run 
Samples or Alter Sample
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7. Default Amounts

Ignore unless using Single Point 
Calibration through Zero 

Use Run Sample Amounts or Default 
Amounts from the Processing Method 
view

**

8. External or Internal Calibration

For internal standard, select the component 
desired (names will be displayed from the 
entries in step # 6 of the wizard).

9. Method Name is the processing 
method 

*Regulated customers must enter in a 
comment

10. View the wizard results for the standard

Select the peaks tab and verify all desired peaks 
are identified. 

*
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11. Method Name is the processing 
method 

*Regulated customers must enter in a 
comment

12. View the wizard results for the standard

Select the Peaks tab and verify all desired 
peaks are identified. 

*

13. Verify peak Integration

Select a 2nd standard and click the 
Integrate button. 

14. Verify peak identification

Select the Calibrate. Make sure all desired 
peaks are properly ID’ed.

*
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15. Modify the acquisition Method Set to include the newly created processing 
method(s) and save it

16. Select data to batch Process

Highlight Sample Sets, Injections, or 
Channels and select process 
Standards before Sample & Controls

17. Select the Processing Method/Method Set 
(Calibrate and Quantitate) & OK. 

Use Clear Calibration to create a new 
calibration curve instead of adding points to 
an existing curve

*
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18. Review the processed results

Highlight the Results Tab, select the desired samples and click the review icon

19. Select the Calibration Curve icon to view Calibration information
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Order of Calibration ProcessingOrder of Calibration Processing

Run Samples**

Calibrate & Report
uses most current 
Cal ID – will change

Review**

Calibrate & Report
uses most current 

Cal ID – will change

Batch Process – uses Cal 
ID at beginning of 

processing 
will not change 

**If you calibrate in Review and save, the data processing in Run 
Samples will be affected if using the same processing method 

General Rules for Develop Peak General Rules for Develop Peak 
Integration ParametersIntegration Parameters

Take 2 chromatograms in to Review

Lowest concentration standard or sample for testingLowest concentration standard or sample for testing

High concentration standard of unknownHigh concentration standard of unknown

Preferable to include a low concentration sample

Will have extraneous peaks needed to be rejectedWill have extraneous peaks needed to be rejected

Peak Integration – General Rules
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Top 10 Calibration ProblemsTop 10 Calibration Problems

10) Processing different type channels for standards/sample (254 vs 280)  
(only works with interchannel processing procedure (MS option enabled –
covered in 3D Processing section)

9) Not using clear calibration (points are added to the existing calibration 
curve, and not a new curve) – incorrect calibration values

8) Not enough data points for calibration curve 
(example: Quadratic curve with only 2 calibration points)

7) Point for unknown outside the calibration curve

6) “Peak Match” ie 2nd Peak selected when no 1st Peak in component table

Top 10 Calibration ProblemsTop 10 Calibration Problems

5) Internal Standard Peak not found – no calibration curve for any components referencing 
the Internal Standard

4) Peak falls outside the processing methods component’s retention time window (use 
“Show Components”)

3) Using the same processing method in Review as in Run Samples during processing

2) Highlighting unknowns before standards when processing (standards must be selected 
before unknowns – unless using Label and Label Reference) 

1) Component names entered in the Amounts button are miss-spelled in the component 
table for the processing method 

(M32 4.0 with standards will alleviate this problem)
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The Secrets to Peak DetectionThe Secrets to Peak Detection

4 ways of Peak Detection

Millennium 3.0 Integration and 
Peak Detection basics 

Millennium 3.2 Auto peak width & 
threshold calculations

Apex Tracking and Inflection 
Points

Integration Events

ak Detection  4 Waysak Detection  4 Ways

1) You determine Peak Width and Threshold settings** 

2) Auto calculation of Peak width and Threshold (3.2)
Enabled in System Policies Enabled in System Policies 

3)  Peak Apex Tracking – Apex
Enabled in Registry, System Policies, Project Properties, and PrEnabled in Registry, System Policies, Project Properties, and Processing Methodocessing Method

4) Peak Apex Tracking – Inflection Points 

*  Recommended for regulated environments
**Default M32 Settings 3.2 M32 Settings 
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3.0X Style
Default

3.20 Style
(Auto-
Threshold)

Basic of Peak Integration Basic of Peak Integration –– Default WayDefault Way

1) Select the smallest 
value in the peak width 
box

2) Box on the 
noise & click 
on the 
Threshold 
icon

3) Click the Integrate 
icon

4) Click on 
smallest peak 
and click on 
Minimum 
Height (minimum 

area)
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For Integration to occur:

Must have a Liftoff (start)Must have a Liftoff (start)

Must have an Apex (top)Must have an Apex (top)

Must have a Touchdown Must have a Touchdown 
(Bottom)(Bottom)

AU
-0.00015

-0.00010

-0.00005

0.00000

0.00005

0.00010

0.00015

0.00020

0.00025

0.00030
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Minutes
3.78 3.80 3.82 3.84 3.86 3.88 3.90 3.92 3.94 3.96 3.98 4.00 4.02 4.04 4.06 4.08 4.10 4.12 4.14 4.16 4.18

3.
97

4

Apex

Liftoff Touchdown

Basic of Peak IntegrationBasic of Peak Integration

Global Peak Detection Parameters and Global Peak Detection Parameters and 
Peak Detection TheoryPeak Detection Theory

Peak Detection:
Peak Width  Peak Width  -- Bunching FactorBunching Factor
Threshold Threshold –– slope determinationslope determination

Peak Integration - Rejection:
Minimum Height (Peak Rejection)Minimum Height (Peak Rejection)
Minimum Area (Peak Rejection)Minimum Area (Peak Rejection)

Understanding the basics of peak detection theory allows you 
to set these parameters based on the knowledge of how 
those settings will affect peak detection.
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Manually Calculating Peak Width Manually Calculating Peak Width --
ThresholdThreshold

Step 1 – Turn off the Bunching 
factor

Select the lowest value listed Select the lowest value listed 
in the drop down boxin the drop down box
These values will be These values will be 
determined by the data rate determined by the data rate 
selected in the Instrument selected in the Instrument 
method  method  

Bunched data points are 
used only to detect peaks; 
all raw data points are used 
for integration.

The Bunching Factor The Bunching Factor 
What is it?What is it?

Bunching Factor = Sampling Rate X Peak Width
15

From the Instrument Method From the Processing Method

The Magic Number!

# of Data Points Averaged Together

Will only be calculated as an Integer
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The Meaning of ThresholdThe Meaning of Threshold

Threshold & Peak Detection 
Threshold value separates 
baseline noise from peaks.

Peaks are detected by:

If the average of 2 slopes are 
>=  threshold value, peak 
liftoff is detected.

When the sign of the slope 
changes, the peak apex is 
detected.

When two slopes are < 
threshold value, peak 
touchdown is detected.

3.00 Style Peak Width and 3.00 Style Peak Width and 
Threshold DeterminationThreshold Determination

1. Threshold and Peak Width 
calculated manually
- Manually integrate 

smallest peak
- Click on Peak width
- Manually box on largest 

baseline noise 

2. Save the processing method

3. All injections processed will 
get the same peak and threshold 
values applied

•Recommended for regulated 
environments – threshold and 
peak width set once for 
complete processing method
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3.20 Style Peak Width and 3.20 Style Peak Width and 
Threshold DeterminationThreshold Determination

1. Threshold and Peak Width 
calculated automatically
- Peak width with the 

greatest change in slope 
- Bunching factor used for 

all peaks in channel
2. Save the processing method

3. Each injection will have 
differing Peak Width and 
Threshold values

•Not Recommended for regulated 
environments – threshold and peak 
width change for each channel in 
processing method

Processing Method - Integration Events
2 Ways to Select Processing Method

There are 18 different 
integration events that 
can be applied to 
specified time intervals 
in your chromatogram

Select View – Processing Method layout or the                 icon           
to access integration events
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Viewing Integration EventsViewing Integration Events

To View the Integration Event Markers- click the                 icon or  

Select Options – Show Events

Event Marker Lines 
may be moved

Inhibit Integration

Valley to valley

Allow negative peaks

Exponential Skim

Force Baseline by peak

Most Common Integration EventsMost Common Integration Events
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Integration InhibitIntegration Inhibit

Enter a start and stop time for Integration Inhibit.  Peaks during this time 
section will not be integrated or quantitated.

Note: If you want to inhibit after a time, just enter the Time and not 
the stop.

Valley to ValleyValley to Valley

No Valley to Valley Valley to Valley Enabled
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Negative Peaks Integrates Negative Peaks Integrates 
Negative DipsNegative Dips

Before 

After

Tangential SkimTangential Skim

Enter a start and stop time for Tangential skim. The Value is  the ratio of the parent peak 
height to the rider peak height(s) at the valley. The default value for this is 4.

Note: If you want to skim the front peak, use a negative value.
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Use Options  Use Options  -- Fill From ResultFill From Result

Integrated peaks will be filled down in the 
component table, by Peak 1, Peak 2, etc. : enter in 

component names

Component Names Must be spelled the same as was entered in Run Samples

Global Processing Method 
Parameters

Average By: How to calculated points on 
the calibration curve if  multiple injections 
of the same relative concentrations are 
used
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Global Processing Method 
Parameters

RT Window (%): Retention time window for each peak as a percentage of 
the component’s retention time.  Default:  5%. 

CCalRef1: A reference peak for a custom calculation. 

Include Internal Standard Amounts in % Amount Calculation:
Specifies if the Internal Standard Amounts are to be included when 
calculating %Amount.

Sample Value Type:  Specifies if the values entered for calibration in the 
Component Editor are concentrations or amounts.

Global Processing Method 
Parameters

Update RT: Whether retention time will be 
updated in the calibration curve. 
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Retention Time WindowRetention Time Window

The time window that a peak is still identified as that component.
Retention Time Window can be set 3 ways:  1. Global in % of 

RT (default is 
5%)

2. Adjust 
Component 

start/end times to 
change RT 
Window

3. Manually enter 
in RT window 

changes

Peak Match Peak Match 

Identification of peaks when multiple peaks are within the same 
Component retention Time Window
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External Standard CalculationExternal Standard Calculation

( )
( )
( )stdXResponse

stdXConc.RF
i

i
X i =

External Standard

( ) ( ) ( )iXi XResponse  x RFX
i

=

Unknown Concentration

Amount - ( Actual Amount in a vial) 
Concentration – (Injection Volume * Amount in the Vial)

X value  (Axis)X value  (Axis)
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Peak Area
Peak Height

Any Peak Related Calculation (custom field)

Y Axis value  Y Axis value  -- ResponseResponse

Fit TypeFit Type

Fit Type # required # Recomm
Linear 2 3
Linear through 0 1 2
Response Factor 1 1
Inverse Linear 2 3
Log-Log Linear 2 3
Point To Point 2 2
Cubic spline 4 6
Quadratic 3 5
Quadratic Thru 0 2 4
Cubic 4 5
Cubic Thru 0 3 4
Fourth 5 6
Fourth Thru 0 4 5
Fifth 6 7
Fifth Thru 0 5 6

Select the calibration curve Fit Type - regulated Industries 
recommend only Linear or Linear through Zero
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Weighting Factor Weighting Factor 

None No Weighting 

X- X^2,  log x , ln X :  fit to the points at the high end of the curve (X value).

1/x and1/x^2:              fit to the points at the low end of the curve (X value

1/y and 1/y^2:             fit to the points at the low end of the curve (Y value).

Weighting places more emphasis on the calibration curve points that 
have the (smallest deviation - weight). 

Internal StandardsInternal Standards

Internal Standard
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Stock Standards

Stock                                  Internal
Standard

Working Standards

Increasing Solute Concentration
Constant Internal Standard Concentration

Internal Standard

Internal StandardsInternal Standards

( )
( )

( )std XConc. x 
std X Response
std I.S. ResponseRF i

i
Xi =

( ) ( )
( )I.S. Response  
X Response   x  RFX i

Xi i
=

Internal Standard

Unknown
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Retention Time ReferenceRetention Time Reference

RT Reference: Adjust the component’s retention time for the calibration curve based upon the 
selected RT Reference component retention time (changes each sample)

The adjusted retention time becomes the time for the component in the chromatogram (the retention 
times documented in the processing method are unchanged).

•Use this for shifting chromatography 

•A RT Reference peak also automates two additional calculations - RT Ratio and RRT

Default PeakDefault Peak

Uses the calibration curve of the listed component to calculate 
the amount of unknowns that are detected between the Start 
and End time listed.
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Curve ReferenceCurve Reference

Use designated component’s calibration curve to 
quantitate (calculate amounts) for all other known 
components

Relative Resolution ReferenceRelative Resolution Reference

Used for calculation Relative Resolution – as part of 
system suitability

Relative Resolution Reference only appears when System Suitability 
option is enabled.

Specifies the Reference peak used to calculate Relative Resolution 
equation for System Suitability testing to measure resolution between 
named peaks in the Components table and the specified reference peak.
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Named GroupsNamed Groups

1. Enter in a Name for the 
Group peak

2. Highlight the Peaks and 
drag them to the named 
group tree

3. Select the retention ID
4. Select how the amounts are 

calculated: Sum or User 
Entered (User Entered = 
Run samples)

• The Group peak will be 
displayed in the Component 
Table as a group 
component

Timed GroupsTimed Groups

Multiple Components can be grouped according to specific 
times as a single component.  Millennium32 sums the areas 
and heights of the peaks within the specific time period.

Option: Exclude known peaks – for example, impurity profiles
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System SuitabilitySystem Suitability

1. Enabled Option

2. Must enter Void 
Volume time

Baseline Noise – Baseline and Start must be > 30 seconds each side

System Suitability LimitsSystem Suitability Limits

Set Target and when to calculate limits  - limits will be flagged 
in the Peaks Table
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System Suitability LimitsSystem Suitability Limits

Set Target and when to calculate limits  - limits will be flagged 
in the Peaks Table

Flagged Peak result 
outside of 
Retention Time 
System Suitability 
Limit

Applications of Detector NoiseApplications of Detector Noise

Signal to Peak to Peak NoiseSignal to Peak to Peak Noise

Example: Uses the detector noise section and custom fields
to calculate ZQ detector noise specification

Height/Average Peak to Peak Noise
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