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Sematech 754 Layout

Sematech 754 
Documentation

Samsung dishing structure

Sematech dishing structures

• The typical Sematech dishing 
structure used is the 100/100 array
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ATR35 Capabilities Key BU’s :
All

ATR35 Description
Reduction in critical dimensions
• Minimum metal line width: 60nm 
• Via sizes down to 80nm
• Via chains with up to ~10 million vias

ATR35 Description
Reduction in critical dimensions
• Minimum metal line width: 60nm 
• Via sizes down to 80nm
• Via chains with up to ~10 million vias

Via chainVia chain
ATR30 140nmATR30 140nm ATR35 100nmATR35 100nm

M1M1

V1V1

M2M2

Guard rings (trenches)Guard rings (trenches)

Expanded and improved set of 
reliability testers

• Guard rings added to prevent low-k 
moisture adsorption

Expanded and improved set of 
reliability testers

• Guard rings added to prevent low-k 
moisture adsorption

Structures down to 45nm nodeStructures down to 45nm node
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ATR35 Layout

• Note the CMP test 
structures 
highlighted in light 
brown

ATR35 Layout
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ATR M1 Film Stack

10000A +/- 500A SiO2

2500A +/- 250 A Coral

800A +/- 100A Cu Seed + 5000A +/- 500A ECP (Total = 5.8KA) 

500A +/- 50 A USG Cap

150A NDC + 250A ESL3 (Etch Stop)

100A TaN  +  200A Ta

• Barrier CMP Target: Remove USG Cap + 200A 
Coral

ATR35 only available with Coral filmsATR35 only available with Coral films
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ATR Process Flow (up to M1 CMP)



C M P   C h a r a c t e r I z a t I o n   S o l u t I o n s 

SKW Associates, Inc.

ATR Test Structures

• Topography test structures
• Fang test structures
• Electrical test structures
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Typical CIC Profilometry Locations

New profilometry recipe was created to measure large and small E-test 
comb/serp structures in addition to CMP test structures.

New structures profiled:
1. CMB_SRP_LRL_M1
2. CMB_SRP_SRL_M1

CMP test structures profiled:
3. FANG1 single line structures
4. FANG2 small pitch arrays

3
4

2
1
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Serp/Comb Scan Locations

CMB_SRP_SRL_M1
DUTs 5 & 6 scanned
(140x140 nm)

CMB_SRP_LRL_M1
DUTs 11 & 12 scanned
SERPs (140x140 nm, 
180x180 nm)
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CMB_SRP_SRL_M1 Surface Profile Scan

CE
Dish

EOE

Dish (Å) EOE (Å)

46 114

CE (Å)

83
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CMB_SRP_LRL_M1 Surface Profile Scan

CE

Dish

EOE

Dish (Å) EOE (Å)

75 311

CE (Å)

265
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CMP Test Structure Scan Locations

100              50         20 10         5        2       1       0.5     0.2
200 um

FANG1

FANG2

10um/ 10um 5um/ 5um 1um/ 1um 0.2um/ 0.2um

2um/ 2um 0.5um/ 0.5um
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Topo Test Structures
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2

CMP Topo Tester 
(in place of via_chn_250_m3_upper)

M2 comb .14 l/s
(10 um backbone)

Section # 250um space between sections 

~250um space around 
all sections between 
sections

M2 comb
~700um 

M1 topo sections
(750 um vertical trenches /spaces) 

Probe Alignment 
structure

1 3 4 6

M1 backbone 10um

5 7 8 9 10
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ATR35 CMP Topo Tester 
(in place of via_chn_250_m3_upper)

M1 topo 

• Use a scaled version of this pattern as the topo sections under combs/serps (CS topo)
• use horizontal trenches in these testers

CMP Topography tester (replace via_chn_250_m3 in top portion) 

0.25 mm space between sections 
M1 topo (no vias) M2 comb 140nm trench/140nm sp perpendicular to test for shorts (see ppt diagram) 

section trench 
(nm) 

space 
(nm)

pitch 
(nm)

metal 
density # repeats tester x dim 

(mm) 
total x dim 

(mm) y-dim (um)

1 90000 90000 180000 0.5 4 0.720 1.22 750
2 90000 10000 100000 0.9 7 0.700 2.17 750
3 10000 0.5 1 0.020 2.44 750
4 10000 10000 20000 0.5 14 0.280 2.97 750
5 9000 1000 10000 0.9 27 0.270 3.49 750
6 2250 0.5 1 0.005 3.74 750
7 2250 2250 4500 0.5 61 0.275 4.27 750
8 2250 250 2500 0.9 110 0.275 4.79 750
9 250 250 500 0.5 550 0.275 5.32 750
10 250 250 500 0.5 7 0.004 5.57 750

tester width (mm)  5.58

250um 

750um long

Section 1  Section 2  
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CMP_TOPO_Tester

Metal 1                                Metal 2                  Pad

750 µm

90um/ 90um        90um/ 10um         10um/ 10um        2.25um   2.25/ 0.25       0.25/0.25

10um              9um/ 1um     2.25/2.25            0.25/ 0.25

No of Lines:
4                       7                       1       14  27          1      61          110        545      7

Metal 2 COMB: 
0.14 um / 0.14 um L/S
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CMP Pad Tester

Right side 
testers

left side testers

left border
left 

sections density trench space height pitch # repeats width

250 top border 0 0 200 0
250 1 left 9.9 0.11 1 250 1.11 225 249.75
250 space 0 0 200 0 0
250 2 left 50 1 1 250 2 125 250
250 space 0 0 200 0 0
250 3 left 90 9 1 250 10 25 250
250 space 0 0 200 0 0
250 4 left 99 49 1 250 50 5 250
250 bot border 0 0 200 0 0

total 2000

space 
(between 

lt & rt 
sect)

right 
sections density trench space pitch # repeats width right border

234 space 0 0 250
234 1 right 100 250 0 250 1 250 250
234 space 0 0 0 0 250
234 2 right 50 0.2 0.2 0.4 625 250 250
234 space 0 0 0 0 250
234 3 right 90 1.8 0.2 2 125.000 250 250
234 space 0 0 0 0 250
234 4 right 99 9.8 0.2 10 25 250 250
234 space 0 250

Large pad

Get Get TopoTopo vs. Pattern Density and Line Widthvs. Pattern Density and Line Width
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CMP Pads at Metal 1

500 µm

500 µm 0.2um/ 0.2um               1.8um/ 0.2um              9.8um/ 0.2um

0.11um/ 1um              1um/ 1um                      9um/ 1um 49um/ 1um

500 µm

Dense and Dense and IsoIso pad structurespad structures
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CMP Pad Testers

Profilometer
traces

• 4 “pads” measured in 1 
trace 
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Fang Test Structures
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CMP Fang Tester Diagram

120µm x 120µm bond pads, 155µm pitch M2 comb 0.20µm l/s, height of each 100µm 

1300µm (max M1 structure 1200µm)

50µm

100µm

100µm

50µm

50µm

100µm

50µm

100µm

100µm

50µm

CMP topography structures

950µm (max M1 structure 910µm)

A

B

C

Use A, B, C for fang structures 1, 2 and 3
Use B for fang structure 4
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CMP Fang Testers

• Metal 2 COMBs over Metal Topography:
– Metal 2 COMB dimensions:  0.2 µm line / 0.2 µm 

space

– Metal 1 topography dimensions:  see each page for 
detail.

Metal 1

Metal 2 

Pad
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CMP Fang 1 Tester
100              50         20 10         5        2       1       0.5     0.2

20/ 20                 10/ 10        5/ 5      2/ 2       1/1  0.5/0.5  0.2/0.2

20/ 20                   10/ 10            5/5 2/ 2      1/1     0.5/0.5  0.2/0.2

The unit is um.

200 um
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CMP Fang 2 Tester
10um/ 10um 5um/ 5um 2um/ 2um

1um/ 1um 0.5um/ 0.5um 0.2um/ 0.2um

10um/ 10um 5um/ 5um 1um/ 1um 0.2um/ 0.2um

2um/ 2um 0.5um/ 0.5um

200 um
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CMP Fang 3 Tester

90um/ 10um 45um/ 5um 18 um/ 2um

9um/ 1um 4.5um/ 0.5um 1.8um/ 0.2um

90um/ 10um 45um/ 5um 18um/ 2um 9um/ 1um

200um
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CMP Fang 4 Tester

500 µm

500 µm
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E-Test Structures



C M P   C h a r a c t e r I z a t I o n   S o l u t I o n s 

SKW Associates, Inc.

CMP Tester Layout

Dummy Pattern  Resistor 
(Cu line) 

• Measure impact of dummy pattern on line resistance 
(dishing / erosion)

– Each device (DUTs) has different dummy pattern or line width
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ATR35 - CMP Resistance Testers

• 1 device (6 variations + 1 VDP per test module)

resistor
proximity

Voltage tap
Pattern ~400um wide each side

Topo
@m1 
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ATR35 - CMP Resistance Testers

• 1 device (6 variations) 
+ 1 VDP per test 
module)

Topo
@m1
(in 1 m2 tester only) 

resistor
Voltage tap

Pattern lines /spaces~200um wide each side Resistor to pattern space
pattern space

pattern trench
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ATR35 - M1 CMP Resistance Testers

CMP_M1_a (replace CMP_m1_top section)

length lines = 750um width in um width in um width in um width in um width in um width in um 

DR Description VDP DUT1 DUT2 DUT3 DUT4 DUT5 DUT6
1 Resistor line-width 0.2 0.2 0.2 0.2 0.2 0.2
2 Resistor to pattern line spacing 0.2 0.2 0.2 0.2 0.2 0.2
3 Pattern line-width 1 0.2 10 50 200 90
4 Pattern spacing 0 0.2 10 0 0 10
5 # pattern l/s on  each side of resistor 1 500 10 1 1 2
6 total width (um) 2.6 401 401 101 401 401
7 resistor line length 600 600 600 600 600 600
8 pattern density <1 50.00 50.00 99.00 99+ 90.00
9 VDP line width 10 iso fang dishing dishing

CMP_M1_b (replace CMP_M3_ top section)

DR Description VDP DUT1 DUT2 DUT3 DUT4 DUT5 DUT6
1 Resistor line-width 10 10 10 10 10 10
2 Resistor to pattern line spacing 0.2 10 0.2 0.2 10
3 Pattern line-width 0.2 10 10 90 90
4 Pattern spacing 0.2 10 10 10 10
5 # pattern l/s on  each side of resistor 0 488 9 10 2 2
6 total width (um) 10 401 390 410 410 430
7 resistor line length 600 600 600 600 600 600
8 pattern density <1 50.00 50.00 50.00 90.00 90.00
9 VDP line width 50 iso fang dishing dishing
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ATR35 M2 CMP Resistance Testers

CMP_M2_a (replace CMP_m2_top section)
length lines = 750um width in um width in um width in um width in um width in um width in um 

DR Description VDP DUT1 DUT2 DUT3 DUT4 DUT5 DUT6
1 Resistor line-width 0.2 10 0.2 10 0.2 10
2 Resistor to pattern line spacing 0.2 4.9 10 0.2 0.2
3 Pattern line-width 0.2 10 10 200 90
4 Pattern spacing 0.2 10 10 0 10
5 # pattern l/s on  each side of resistor 0 488 10 9 1 2
6 total width (um) 0.2 401 410 390 401 410
7 resistor line length 600 600 600 600 600 600
8 pattern density <1 <1 50.00 50.00 98.00 90.00
9 VDP line width 10 iso iso fang fang dishing dishing

CMP_M2_b  - with underlying  topo (replace CMP_M2  in bottom section)

DR Description DUT1 DUT2 DUT3 DUT4 DUT5 DUT6
1 Resistor line-width 0.2 0.2 0.2 10 10 10
2 Resistor to pattern line spacing 0.2 0.2 0.2 0.2 0.2 0.2
3 Pattern line-width 0.2 0.2 0.2 0.2 0.2 0.2
4 Pattern spacing 0.2 0.2 0.2 0.2 0.2 0.2
5 # pattern l/s on  each side of resistor 500 500 500 488 488 488
6 total width (um) 401 401 401 401 401 401
7 resistor line length 600 600 600 600 600 600
8 pattern density 50.00 50.00 50.00 50.00 50.00 50.00
9 M1 topo (l/s) - horizontal .2/.2 10/10 90/10 .2/.2 10/10 90/10

10 VDP 50
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CMP Pad Tester Diagram
- different pattern in each “pad”

• Horizontal trenches spaces in each section

1L 1R

2L 2R

Right borderLeft border

Space between right sections

Space between left and right sections

250um x 250 um “pads”
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Recommended ATR35 Structure

• The structure on ATR35 which most closely matches the 
100/100 structure on Sematech is the 90/90 structure
– Refer to slide 13
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CMP_TOPO_Tester 90um/90um Line Profile
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CMP_TOPO_Tester 90um/90um Line Profile
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CMP_TOPO_Tester 90um/90um Line Profile
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ATR35 Summary

• Design rules at 140nm and 90nm 
• Multiple CMP test physical and electrical test 

structures



C M P   C h a r a c t e r I z a t I o n   S o l u t I o n s 

SKW Associates, Inc.

CMP_FANG1 Die Floor Plan

100 50 20 10 5          2 1         0.5      0.2

20/20 10/10 5/5 2/2         1/1   0.5/0.5     0.2/0.2

20/20 10/10 5/5            2/2        1/1      0.5/0.5   0.2/0.2

200 um
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CMP_FANG1 Row 1 Line Profile
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L1 
Dish

L2 
Dish

L3 
Dish

L4
Dish

L5
Dish L6

Dish

L7
Dish

L8
Dish

L9
Dish

CMP_FANG1 Row 1 Line Profile

L1 Dish 
(Å)

L2 Dish 
(Å)

L3 Dish 
(Å)

L4 Dish 
(Å)

L5 Dish 
(Å)

L6 Dish 
(Å)

L7 Dish 
(Å)

L8 Dish 
(Å)

L9 Dish 
(Å)

3667 62348148 90370 309
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CMP_FANG1 Die Floor Plan

100 50 20 10 5          2 1         0.5      0.2

20/20 10/10 5/5 2/2         1/1   0.5/0.5     0.2/0.2

20/20 10/10 5/5            2/2        1/1      0.5/0.5   0.2/0.2

200 um
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CMP_FANG1 Row 2 Line Profile
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A1 
Dish A1 

CE

A2 
Dish

A2 
CE

A3 
Dish

A3 
CE

A4
Dish

A4 
CE

A5
Dish A5

CE A6
Dish

A6 
CE

A7
Dish

A7
CE

CMP_FANG1 Row 2 Line Profile

A1 
Dish 
(Å)

A1 CE 
(Å)

A2 
Dish 
(Å)

A2 CE 
(Å)

A3 
Dish 
(Å)

A3 CE 
(Å)

A4 
Dish 
(Å)

A4 CE 
(Å)

A5 
Dish 
(Å)

A5 CE 
(Å)

A6 
Dish 
(Å)

A6 CE 
(Å)

A7 
Dish 
(Å)

A7 CE 
(Å)

228 18 180 18 112 36 70 27 60 17 43 9 27 4
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CMP_FANG1 Die Floor Plan

100 50 20 10 5          2 1         0.5      0.2

20/20 10/10 5/5 2/2         1/1   0.5/0.5     0.2/0.2

20/20 10/10 5/5            2/2        1/1      0.5/0.5   0.2/0.2

200 um



C M P   C h a r a c t e r I z a t I o n   S o l u t I o n s 

SKW Associates, Inc.

CMP_FANG1 Row 3 Line Profile
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A1 
Dish 
(Å)

A1 
CE 
(Å)

A2 
Dish 
(Å)

A2 
CE 
(Å)

A3 
Dish 
(Å)

A3 
CE 
(Å)

A4 
Dish 
(Å)

A4 
CE 
(Å)

A5 
Dish 
(Å)

A5 
CE 
(Å)

A6 
Dish 
(Å)

A6 
CE 
(Å)

A7 
Dish 
(Å)

A7 
CE 
(Å)

211 35 170 19 136 18 73 9 48 9 26 8 13 6

A1 
Dish

A1 
CE

A2 
Dish

A2 
CE

A3 
Dish

A3 
CE A4

Dish A4 
CE

A5
Dish A5

CE
A6

Dish

A6 
CE

A7
Dish

A7
CE

CMP_FANG1 Row 3 Line Profile
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10um/ 10um 5um/ 5um 2um/ 2um

1um/ 1um 0.5um/0.5um 0.2um/ 0.2um

200 um

CMP_FANG2 Die Floor Plan

10um/ 10um         5um/ 5um     2um/ 2um        1um/ 1um    0.5um/ 0.5um   0.2um/ 0.2um
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CMP_FANG2 Row 1 Line Profile
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CMP_FANG2 Row 1 Line Profile

Array  1 Dish (A) Array  1 CE (A) Array  2 Dish (A) Array  2 CE (A) Array  3 Dish (A) Array  3 CE (A)

182 18 142 48 126 64

Array 1 
Dish

Array 1 
CE

Array 2 
Dish

Array 2 
CE

Array 3 
Dish

Array 3 
CE
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10um/ 10um 5um/ 5um 2um/ 2um

1um/ 1um 0.5um/0.5um 0.2um/ 0.2um

200 um

CMP_FANG2 Die Floor Plan

10um/ 10um         5um/ 5um     2um/ 2um        1um/ 1um    0.5um/ 0.5um   0.2um/ 0.2um
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CMP_FANG2 Row 2 Line Profile
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CMP_FANG2 Row 2 Line Profile

Array 1 
Dish

Array 1 
CE

Array 2 
DishArray 2 

CE

Array 3 
Dish

Array 3 
CE

Array  1 Dish (A) Array  1 CE (A) Array  2 Dish (A) Array  2 CE (A) Array  3 Dish (A) Array  3 CE (A)

87 78 55 86 36 95



C M P   C h a r a c t e r I z a t I o n   S o l u t I o n s 

SKW Associates, Inc.

10um/ 10um 5um/ 5um 2um/ 2um

1um/ 1um 0.5um/0.5um 0.2um/ 0.2um

200 um

CMP_FANG2 Die Floor Plan

10um/ 10um         5um/ 5um     2um/ 2um        1um/ 1um    0.5um/ 0.5um   0.2um/ 0.2um
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CMP_FANG2 Row 3 Line Profile
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CMP_FANG2 Row 3 Line Profile

A1 Dish 
(Å)

A1 CE 
(Å)

A2 Dish 
(Å)

A2 CE 
(Å)

A3 Dish 
(Å)

A3 CE 
(Å)

A4 Dish 
(Å)

A4 CE 
(Å)

A5 Dish 
(Å)

A5 CE 
(Å)

A6 Dish 
(Å)

A6 CE 
(Å)

203 13 110 38 110 26 78 12 52 15 30 12

A1 
Dish

A1 
CE

A2 
Dish

A2 
CE A3 

Dish

A3 
CE

A4
Dish

A4 
CE

A5
Dish

A5
CE A6

Dish A6 
CE
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90um/ 10um 45um/ 5um         18um/ 2um

9um/ 1um 4.5um/ 0.5um 1.8um/ 0.2um

90um/ 10um          45um/ 5um    18um/ 2um      9um/ 1um

200 um

CMP_FANG3 Die Floor Plan
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CMP_FANG3 Row 1 Line Profile
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CMP Pads at Metal 1
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Square feature

CMP_M1_B and CMP_M1_A have same array dimensions.  

CMP_M1_B has a square feature, as is shown above, whereas CMP_M1_A 
does not.  CMP_M1_A exhibits a greater amount of dishing after CMP, as is 
shown on the following pages.
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CMP_M1_A 2 x L50 Profile 

Note: Graphs not to scale
CMP_M1_B 2 x L50 Profile 

CMP_M1_A shows 
18% more dishing
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4 x L90 / S10 um Structure

CMP_M1_A 2 x L90/S10um Profile CMP_M1_A shows 
11% more dishing 
than CMP_M1_B

CMP_M1_B 2 x L90/S10um Profile Note: Graphs not to scale
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CMP_M1_A 2 x L200 Profile 

CMP_M1_B 2 x L200 Profile 

CMP_M1_A shows 
22% more dishing 
than CMP_M1_B

Note: Graphs not to scale
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L10 µm/ S10 µm Array Structure 
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CMP_M1_A L10um/S10um Profile 

CMP_M1_B L10um/S10um Profile 

CMP_M1_A shows 
18% more dishing 
than CMP_M1_B

Note: Graphs not to scale
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