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Overview of Response Surface Methods

Response Surface Methods (RSM) allow you to optimize a response of interest by determining the best settings
for the controllable factors. Thus, the basic goal in RSM is to locate the optimal settings x*.

You can use sequential experimentation to do this. Typically, start with a factorial or fractional factorial design
to screen out irrelevant factors. After you have a regression model for the response, extrapolate and experiment
along the path of steepest ascent to maximize the response. Finally, select a response surface design to model
curvature and locate the optimum response.

The three basic steps of RSM are listed below:

1. Factor screening experiments.
2. Follow the path of steepest ascent/descent.
3. Fit a quadratic regression model and optimize it.

The following sections describe the path of steepest ascent, explain how it is calculated, and provide a Minitab
macro for performing this task, illustrated with two examples.

What is the Path of Steepest Ascent/Descent?

After you perform a screening experiment and obtain a linear model of the response (with only main effects),
you want to move in a direction that quickly improves the response. To maximize the response, follow the path
of steepest ascent. To minimize the response, follow the path of steepest descent.

Figure 1 below graphically displays the path of steepest ascent. The orange square symbolizes the factorial
experiment. The black arrow shows the path of steepest ascent calculated after the initial screening experiment.
For every point in the path of steepest ascent, you perform an experimental run, continuing up the path until the
response drops.

Figure 1 - Path of Steepest Ascent
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Calculating the Path of Steepest Ascent/Descent

To calculate the path of steepest ascent, you need to first fit a model. Suppose an experiment has two factors
and the interaction between factor x; and x; is not significant. The model equation for this experiment is:

Y =b, +b,x, +b,x,
where by is the intercept estimate and by, b, are the coefficients for factors x; and x,, respectively.

After obtaining the model equation:

1. Choose one process variable as the “base factor” and indicate the step size or increment ( AX; ) for the
base factor.

Note: By default, if the base factor is not specified, the macro below will select the variable that has the
largest absolute regression coefficient, |bj|.

2. Determine the increment in the other process variables using the following equation:

b,
AX; = b—Axi

3. Transform the increments from coded units to uncoded units.

Using the Steepest Ascent Macro

You can use a Minitab macro to calculate the path of steepest ascent. Click the link Path of Steepest Ascent
Macro. Then save the macro with the name ascent .mac to the location C:/Program Files/Minitab
15/English/Macros.

To call up the macro, use the following syntax. The first line contains the main command,; the other lines are
optional subcommands.

ascent y x.l-x.n;
store u.l-u.j;
step s;

base b;

descent;

runs r.

In the main command ASCENT, y corresponds with the column in the worksheet that contains your response.
The variables x.1-x.n correspond with the columns that contain the uncoded levels of the factors.
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The other subcommands are explained in the table below:

Input

Subcommand Definition

parameters
Stores the path of steepest ascent/descent in the worksheet. The inputs u.1-u.j indicate the columns
in the worksheet where the path will be stored. You should have one storage column for each factor.

sTo u.l-u.3 If this subcommand is not specified, Minitab displays the path in the Session window output, but
does not store the path in the worksheet.
STEP < Defines the step size, or increment, of the process variable ( AX; ) in coded units. By default, the

increment is 1.

Defines the step size in the path of steepest ascent/descent. The input b is the column with the
BASE b coefficient that defines the step size. By default, the step size is the factor coefficient having the
largest absolute value.

Calculates the path of steepest descent. No input parameters are necessary. If this subcommand is
not specified, Minitab calculates the path of steepest ascent.

Indicates the number of runs to generate. The input, r, is a constant. By default, the number of runs
is 5.

DESCENT None

RUNS r

Example 1: Maximizing Etch Rate

The following example is adapted from Response Surface Methodology: Process and Product Optimization
Using Designed Experiments by Myers and Montgomery (1).

In semiconductor manufacturing, the goal is to maximize the plasma etch rate (the response) by varying levels

of the factors anode-cathode gap (Gap) and power to the cathode (Power). Suppose running the experiment
yields the following model:

Y = 766.25—66.25x, +43.75X,

with x; representing Gap and x, representing Power.

To calculate the path of steepest ascent using the macro, first identify the columns in the worksheet that
correspond to the response and to the main effects (x; and x,) in uncoded units. For this example, the response
(Etch rate) is in C7 while the main effects (Gap and Power) are in C5 and C6.

+ C1 &2 3 C4 G5 C6 (o) [ ) C10 C11 C12 C13 14
StdOrder RunOrder| CenterPt Blocks | Level of Gap {cm) Level of Power (W) y (Etch rate A/min)

1 1 1 1 1 1.2 275 T7E

2 2 2 1 1 1.6 274 B0

3 3 3 1 1 12 325 s

1 4 4 1 1 16 35 730 T

5 5 5 o 1 1.4 300 745

6 4] 4] o 1 1.4 300 760

7 7 7 0 1 1.4 300 780

8 g g 0 1 1.4 300 720

9

10

11 3

< >

Figure 2 — Input factor columns and response
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After saving ascent.mac to the Macros folder (see page 2), run the macro by entering the command %ascent
in Minitab. Choose Edit > Command Line Editor, type the commands shown below, then click Submit

Commands.

Command Line Editor, E|
Peascent o7 C5-c6;
store c3-c10,
Submit Commands Cancel

Figure 3 - Using commands to compute the path of steepest ascent

Note: You can also submit these commands by enabling command language and typing directly in the Session window.

Using the data from the worksheet (Figure 2), Minitab creates five runs in the path of steepest ascent, stores the
path in columns C9 and C10, and displays the following output in the Session window:

Path of Steepest Ascent Overview

Total # of Runs 5.00

Total # of Factors 2.00

Step Size Base Factor by 1.00

Coded Coefficient of Base Factor -66.25

Factor Name Coded Coef. Low Level High Level
Level of Gap (cm) -66.25 1.2 1.6
Level of Power (W) 43.75 275.0 325.0

When the final model has only two factors, you can create a scatterplot to display the path of steepest
ascent/descent. In the plot below, the black square represents the factorial runs you performed to fit the model.
The direction of improvement starts from the center of the square and moves away from it, defining the path of

steepest ascent/descent.
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Path of Steepest Ascent Overview
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Figure 4 - Path of steepest ascent

Knowledgebase ID 2306: http://www.minitab.com/support/answers/answer.aspx?1D=2306

Page 4



Mini[ » Technical Support Document
ab‘ Path of Steepest Ascent/Descent

Example 2: Minimizing Reaction Yield

The following example has been adapted from Myers and Montgomery [1] to use the path of steepest descent
rather than the path of steepest ascent.

Suppose the goal of an experiment is to minimize the reaction yield by finding better settings for four
controllable factors: A (amount of reactant A), B (reaction time), C (amount of reactant C) and D (temperature).

The uncoded (natural) levels for the four factors are: 10, 15 grams for factor A; 1, 2 minutes for factor B; 25, 35
grams for factor C; and 75, 85 °C for factor D. In addition, the base coefficient corresponds with reactant A and
the step size is 1 gram in uncoded units.

The fitted model is Y =63.44+1.9625, +2.1125x, —0.3125x, —1.6125x, .

To calculate the path of steepest descent using the macro, insert the subcommand DESCENT, as shown in the
Session window below. Because the column corresponding to reactant A is C5, the input for BASE is C5. The
STEP in coded units is 1/2.5 = 0.4, because one coded unit of factor A is equivalent to 2.5 grams.

| 3 Minitab - EXAMPLES.MP.J EINEE
File Edit Dats Calc Stat Graph Editor Tools Window Help  SizSigma
= =AY ] i 092 ACEROEvn @HE B A ol di &
= [ = T e 7
- TE |

MTE > %ascent C3 05-C8; o

SUBC» store C11-Cl4;

SUBC> step 0.4;

SUBC» base C5;

SUBC> descent;

SUBC> runs 10.

Executing from file: C:%Program FilesiMinitab 15%\English\Macrosiascent.MAC

Path of Steepest Descent Overview

Total # of Runs 10.000
Total # of Factors 4.000
Step $ize Base Factor by 0.400
Coded Coefficient of Base Factor 1.962

+ o] [ox ] 4 5 =] 7 8 ) 10 C11 Cc12 C13 C14 s
RunOrder CenterPt, Blocks |Amount of reactant A|Reaction time Amount of reactant C Temperature Reaction yield E X.2 X3 p =

1 1 1 1 15 2 25 75 (=0 ] 125 1.50 30.00 50.00

2 2 1 1 15 1 25 a5 61.8 115 1.28 30.32 g1.64

3 3 1 1 15 1 35 75 64.5 10.5 1.07 30.64 §3.29

4 4 1 1 10 1 25 75 62.0 9.5 0.85 30.95 §4.93

5 5 1 1 10 1 35 85 57.0 8.5 0.64 N7 86.58

6 3 1 1 10 2 35 75 64.7 7.5 0.42 31.59 08.22

7 7 1 1 10 2 25 85 622 6.5 0.21 319 89.67

8 8 1 1 15 2 3 85 663 5.5 0.0 32.23 91.51
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Figure 5 — Command language used in the Session window to obtain the path of steepest descent
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After you run the commands, Minitab displays the following output in the Session window:

Path of Steepest Descent Overview

Total # of Runs 10.000

Total # of Factors 4.000

Step Size Base Factor by 0.400

Coded Coefficient of Base Factor 1.962

Factor Name Coded Coef. Low Level High Level
Amount of reactant A 1.962 10 15
Reaction time 2.112 1 2
Amount of reactant C -0.312 25 35
Temperature -1.613 75 85

Note: To obtain the output for the original textbook example, use the path of steepest ascent to calculate the improving
direction. Submit the block of commands without the DESCENT subcommand, as shown below:

%ascent C9 C5-C8;
store C11-Cl14;
step 0.4;
base C5;
runs 10.

Steepest Ascent Form in Quality Companion

You can also calculate the path of steepest ascent/descent using a standard form in Quality Companion 2.
Simply enter the input parameters by specifying the base variable, the uncoded levels of the factors, and the
increment, adding as many runs as you like.

A completed Path of Steepest Ascent form is shown in Figure 6, using the data from Example 1 (maximizing
the etch rate for semiconductors).
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1. Enter the coded coefficient
of the factor you will use as
a base.

2. Select whether to evaluate
the path of steepest ascent
or descent,

3. Enter the names of all
factors (including base
factor) in your final model.

4, Enter the coded coefficients
for the factors, Be sure to
include the correct sign.

5. Enter the actual (uncoded)
high and low settings for
each factar.

6. Enter the increment values.
Walues of 0to 5 are
provided as default. You can
madify the increments or
add additional columns as
needed to construct your
path,

7. ©Optionally, display a graph
of the increment settings
wersus the response by
filling in the first twa
calumns of the graph data
table.

3. Optionally, construct a
graphical view of your
testing plan by filling in the
last two columns of the
graph data table, Only two
factors can be plotted.
Select one factor as the X-
wariable and ane as the -

ariahle

Project Manager x ~
@ Process Optimization
=3 management Path of Steepest Ascent Worksheet
{ah Project Today
% Team Members Title or Description of DOE: Date:
Tasks Etch Rate experiment 10/19/2007 =
£FF) Data Store . o
[F8 ¥ Metrics [aiEEi
) related Documents Process Optimization
=1 Roadmap
= & rhase (@) How to fill out the Path of Steepest Ascent Workshest
2 HE as|
|Cnded coefficient of base factor: ~66.25 ‘ ‘Path of steepest: @ ascent ODescent
Increment base factor by (Mote: 0 =center | g.go | 100 | 2.00 | 2.00 | 4.00 | 5.00
point):
Coded [ Low High |Factor Name Which  |getting |Setting |Setting |Setting [Setting [Setting
Coef, |uneeded) noodeq axis? -
value | yolue
-66.25 (1.2 1.6 Gap R 1d40{ 1.20 1.00 0.0 060( 040
4375 (275 325 Pawer v | 300.00| 31651 333.02| 349.53| 366.04[ 382,55
Data for plotting 2 factor test plan
Graph Data Table (Qptional)
Gap Power
Increment Fesponse Setting Setting
0.00 1.40 300.00
1.00 1.z20 316.51
2.00 1.00 333.02
3.00 o0.e0 349.53
4.00 0.60 366.04
5.00 0.40 382.55
< | = ‘ Response vs. Increment |

Figure 6 — Path of steepest ascent in Quality Companion 2

Note: For more information about Quality Companion, visit our Web site at:
http://www.minitab.com/products/qualitycompanion/
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