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(57) ABSTRACT 

A method for multi-threshold voltage CMOS process opti 
miZation. The method includes the steps of: providing a 
semiconductor substrate With a plurality of devices of dif 
ferent threshold voltages; establishing a plurality of types of 
timing models for a timing calculation; obtaining a static 
timing analysis report through the timing calculation; de?n 
ing a large and a small setup time margin as a T1 and a Ts; 
changing the devices Whose setup time margins are less than 
Ts to low threshold devices; changing the devices Whose 
setup time margins are greater than Tl to high threshold 
devices; checking a setup time of each device; changing the 
devices Whose setup time margin does not meet the 
enhanced static timing analysis report; performing a ?rst 
pocket implant process for the normal threshold devices; 
performing a second pocket implant process for the loW 
threshold devices and performing a third pocket implant 
process for the high threshold devices. 

providing a semiconductor substrate with a plurality 
of devices of different threshold voltages 

NSIOO 

for a timing calculation 
establishing a plurality of types of timing model 

NSIOZ 

obtaining a static timing analysis (STA) report 
through the timing calculation 

M3104 

TlandaTs 
de?ning a large and a small setup time margin as a 

M3106 

changing the devices Whose setup time margin are 
less than Ts to low threshold devices 

changing the devices Whose setup time margin are 
greater than T1 to high threshold devices wSllO 
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providing a semiconductor substrate with a plurality 
of devices of different threshold voltages N S100 

establishing a plurality of types of timing model 
for a timing calculation 'V S102 

obtaining a static timing analysis (STA) report 
through the timing calculation N S104 

de?ning a large and a small setup time margin as a 
T1 andaTs M3106 

changing the devices Whose setup time margin are 
less than Ts to low threshold devices K“ S108 

changing the devices Whose setup time margin are 
greater than T1 to high threshold devices N S110 
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checking a setup time of each device M8112 

I10 

changing 
the devices Whose setup time 

margin dose not meet the enhanced 
static timing analysis 

S114 

performing a ?rst pocket implant process for the 
normal threshold devices 

performing a second pocket implant process for the 
low threshold devices 

M3118 

performing a third pocket implant process for the 
high threshold devices M8120 

FIG. 7B 
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METHOD FOR MULTI-THRESHOLD VOLTAGE 
CMOS PROCESS OPTIMIZATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the CMOS process, 
and more particularly to the design algorithm of the CMOS 
process. 

[0003] 2. Description of the Prior Art 

[0004] The CMOS (Complementary Metal Oxide Semi 
conductor) circuit design has the advantage of loW poWer 
compared With the BJT (Bipolar Junction Transistor), but 
has suffered from performance limitations. Because high 
speed digital design is requisite and designs With a gate 
count of more than ten millions are on the horiZon, the 
process doWn siZing to 0.18 um/0.13 um or smaller scale is 
the trend for performance. HoWever, the static and dynamic 
current consumption Will increase rapidly due to faster 
devices. From the point of vieW of reducing poWer, the 
operation voltage is made as loW as possible and the device 
threshold voltage is as large as possible. This, hoWever, 
reduces the IC performance. Reducing the threshold voltage 
or increasing the saturation current Will improve the delay 
time of the device. In other Words, the device Will transition 
from one stage to the other stage more quickly. HoWever, 
this method Will increase the sWitching current and reduce 
the noise margin, meaning that the poWer consumption Will 
become larger. 

[0005] In FIG. 1, a basic MOS structure is formed on a 
semiconductor substrate 10. The MOS structure includes a 
gate 12, a gate oXide 14, spacers 19, offset spacers 18, pocket 
regions 20, HDD regions 22 and source/drain regions 24. 

[0006] Aconventional pocket implant process is shoWn in 
FIG. 2. In FIG. 2, tWo MOS devices are formed on a 
semiconductor substrate 50 and isolated by a shalloW trench 
isolation 52. Each device includes a gate 56, a gate oXide 58 
and a Well region 54. The conventional pocket implant 
process With a normal dose density is performed to a 
prede?ned region of each device by covering other regions 
With a photoresistor 60. 

[0007] Obtaining both reduction of poWer consumption 
and good performance Will inevitably increase the price of 
the product. Thus, an algorithm that both obtains poWer and 
performance enhancement and prevents to too many 
changes to the process recipes in CMOS design needs to be 
developed. 

SUMMARY OF THE INVENTION 

[0008] The object of the present invention is to solve the 
above-mentioned problems and to provide a method for 
multi-threshold voltage CMOS process optimiZation. 

[0009] The present invention achieves the above-indicated 
object by providing a method for multi-threshold voltage 
CMOS process optimiZation comprising the steps of: pro 
viding a semiconductor substrate With a plurality of devices 
of different threshold voltages; establishing a plurality of 
types of timing models for a timing calculation, based on the 
plurality of devices of different threshold voltages; obtaining 
a static timing analysis (STA) report through the timing 
calculation; de?ning a large and a small setup time margin 
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as a T1 and a Ts, based on the static timing analysis report; 
changing the devices Whose setup time margin are less than 
Ts to loW threshold devices and changing the devices Whose 
setup time margin are greater than T1 to high threshold 
devices, such that an enhanced static timing analysis report 
is obtained; performing a ?rst pocket implant process for the 
loW threshold devices With a ?rst dose density by covering 
the high threshold devices; performing a second pocket 
implant process for the high threshold devices With a second 
dose density, greater than the ?rst dose density, by covering 
the loW threshold devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present invention Will be described in detail 
With reference to the illustrated embodiment and the accom 
panying draWings, in Which: 

[0011] FIG. 1 is a basic MOS structure. 

[0012] FIG. 2 is a conventional pocket implant process. 

[0013] FIG. 3 is a timing chart shoWing the setup time and 
the hold time under different clock domain. 

[0014] 
[0015] FIGS. 5 and 6 illustrate, in cross-section and in top 
vieW respectively, a CMOS structure. 

[0016] FIG. 7 is a How chart shoWing the sequence of 
steps of multi-threshold voltage CMOS process optimiZa 
tion. 

[0017] FIGS. 8 through 10 illustrate, in cross-section, the 
process in accordance With the present invention. 

FIG. 4 is a setup timing region of the devices. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present invention discloses hoW to use small 
process changes to achieve the greatest improvement of 
speed. 
[0019] In most designs, the performance of the system is 
dominated by a feW critical paths in the integrated circuit. It 
isn’t necessary to enhance the speed of all of the devices in 
order to obtain a high performance system. In this regard, a 
method by changing the threshold voltage according to 
Static Timing Analysis (STA) report is disclosed. 

[0020] In the STA report, the setup time and the hold time 
under different clock domains, as shoWn in FIG. 3, need to 
be checked and the setup/hold time speci?cation Will be 
determined by the standard device timing. The timing cal 
culation for the overall design based on the RC extraction 
result should be performed for the Worst case and best case 
so the result is safe for the setup/hold time. 

[0021] After ?nishing the static timing check, the Worst 
case timing for the design can be guaranteed, and the setup 
timing can be arranged in order, as shoWn in FIG. 4. Then, 
T1 is de?ned as the timing paths that have large setup timing 
margin, Ts as the timing paths that have small setup timing 
margin, Tm as the timing path that has maXimum setup 
timing margin and Tc as the timing path that has a setup 
timing margin criterion. If the devices in the timing paths are 
greater than Tl, they Will be changed by higher threshold 
voltage devices. If the devices in the timing paths are smaller 
than Ts, they Will be changed by loWer threshold voltage 
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devices. The result Will centralize the timing WindoW in the 
setup time safe region 70, and have the advantage of loWer 
power consumption by replacing the device With timing 
paths greater than T1 and the advantage of the speed by 
replacing the device With timing paths smaller than Ts. 

[0022] For increasing device speed, the general method is 
to change the saturation current. Using the saturation current 
equation described beloW, a scheme for increasing the 
current Without adding RC loading can be obtained. 

[0023] FIGS. 5 and 6 illustrate, in cross-section and in top 
vieW respectively, a CMOS structure. The CMOS structure 
is formed on a semiconductor substrate 100 and isolated by 
a shalloW trench isolation 110. The CMOS structure includes 
a NMOS 114 and a PMOS 116. The NMOS includes a 
P-Well 102, a gate 108 and source/drain regions 106. The 
PMOS includes a N-Well 104, a gate 108 and source/drain 
regions 106. Numeral 112 represents a channel length and 
numeral 113 represents a channel Width. The folloWing is a 
saturation current of the CMOS. 

[0024] Mn: Carrier mobility 

[0025] Ci: Gate Capacitance 

[0026] W: Channel Width 

[0027] L: Channel length 

[0028] VG: Gate voltage 

[0029] VT: Threshold voltage 

[0030] and 
V-1-r~t(2€qNd/Ci2)1/2XVB1/2 

[0031] e: Substrate dielectric constant. 

[0032] Nd: Dopant cocentration in Well. 

[0033] Ci: Gate capacitance. 

[0034] VB: Substrate bias effect (body effect). 

[0035] From above equation, to increase Idsat Without 
modifying physical dimension, changing VT is a good 
choice. There are three major methods to change VT. 

[0036] 1. Changing P-Well (in NMOS) diffusion den 
sity. 

[0037] 2.Changing HDD (High Density Dopant) dif 
fusion density (Idsat is sensitive to HDD). 

[0038] 3.Changing pocket diffusion density. In deep 
sub-micro process, VT is also sensitive to pocket. 

[0039] FIG. 7 is a How chart shoWing the sequence of 
steps of multi-threshold voltage CMOS process optimiZa 
tion. In step S100, a semiconductor substrate With a plurality 
of devices of different threshold voltages is provided. 

[0040] In step S102, based on multiple different threshold 
voltages, three types of timing model, such as “High”, 
“Normal”, “LoW” for the timing calculation, are established. 

[0041] In step S104, a STA result (setup/hold time) is 
reported, and then the devices that violate the timing con 
strains are changed or rerouted to solve the setup/hold time 
violation. 
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[0042] In step S106, the large/small setup time margin T1 
and Ts are de?ned, based on the static timing analysis report. 

[0043] In step S108, the devices Whose setup time margins 
are less than Ts are changed to loW threshold devices (high 

current). 
[0044] In step S110, the devices Whose setup time margins 
are greater than T1 are changed to high threshold devices 
(loW current) While the remaining devices are normal thresh 
old devices, such that a enhanced static timing analysis 
report is obtained. 

[0045] In step S112, based on the enhanced STA report, 
setup/hold time is checked. The enhanced STA report is a 
description ?le based on the setup/hold time improvement 
obtained by changing the loW threshold devices. Because the 
substitution of large setup time margin devices for the high 
threshold devices addresses poWer consumption concern, 
the report of the large setup time margin devices need not be 
changed. 
[0046] In step S114, if the setup/hold time meets the 
enhanced STA report, the process is go to step S116; 
otherWise, the devices that violate the timing constrains are 
changed to normal devices, then go to step S112. 

[0047] In step S116, a ?rst pocket implant process 216 for 
the normal threshold devices 202 With a ?rst dose density is 
performed by covering the loW threshold devices 204 and 
high threshold devices 206 With a photoresistor 214, as 
shoWn in FIG. 8. Numeral 200 represents the substrate 
isolated by shalloW trench isolations 210. Numeral 212 
represents gates and numeral 208 represents Well regions. 

[0048] In step S118, a second pocket implant 220 process 
for the loW threshold devices 204 With a second dose 
density, less than the ?rst dose density, is performed by 
covering the normal threshold devices 202 and high thresh 
old devices 206 With a photoresistor 218. 

[0049] In step S120, a third pocket implant process 224 for 
the high threshold devices 206 With a third dose density, 
greater than the ?rst dose density is performed, by covering 
the normal threshold devices 202 and loW threshold devices 
204. 

[0050] While the present invention has been described 
With reference to three pocket implant processes, the 
description is not intended to be construed in a limiting 
sense. TWo pocket implant processes of the various thresh 
old devices, as Well as other embodiments of the invention, 
Will be apparent to those persons skilled in the art upon 
reference to this description. 

[0051] The folloWing is an experiment illustrating the 
multi-threshold optimiZation. Table 1 is the initial setup time 
data after STA in a normal procedure and the optimiZation 
result based on the multi-threshold optimiZation. It is obvi 
ous that the speed improvement of the How is about 
0.56~0.78 ns based on Ts=1.0 ns and 5 iterations. Table 2 is 
the high threshold algorithm results under a setting of Tl=3.5 
ns, Where there are a total of 20,917 devices changed to high 
threshold devices, so that, about 25% devices’ poWer con 
sumption of the chip is reduced. In a Word, the setup time 
safe region is fall on the 0.57 ns to 3.5 ns based on the 
original criterion, and the present invention not only 
improves the speed of the system but also the poWer 
consumption of the chip. 
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TABLE 1 

After Before 
Change Change 
Device Device 

Start Capture Timing Timing 
Clock Clock Threshold Slack Slack Improve 

CLK1 CLK1 LoW 0.78 ns 0.0 ns 0.78 ns 

CLK2 CLK2 LoW 0.79 ns 0.05 ns 0.74 ns 

CLK3 CLK3 LoW 0.66 ns 0.1 ns 0.56 ns 

CLK4 CLK4 LoW 0.57 ns 0.0 ns 0.57 ns 

[0052] 

TABLE 2 

After Before 
Optimi- Optimi- Change 
zation zation Change Device 

Clock Thres- Normal Normal Normal Percent 
Domain hold device (No.) device (No.) (No.) age 

CLK1 High 20737 29825 9088 30.5% 
devices devices 

CLK2 High 25412 32678 7266 22.2% 
devices devices 

CLK3 High 8927 12003 3076 25.6% 
devices devices 

CLK4 High 5233 6720 1487 22.1% 
devices devices 

[0053] It is to be understood that the present invention is 
not limited to the embodiments described above, but encom 
passes any and all embodiments Within the scope of the 
following claims. 

What is claimed is: 
1. A method for multi-threshold voltage CMOS process 

optimization for a semiconductor substrate With a plurality 
of devices of different threshold voltages, comprising the 
steps of: 

establishing a plurality of types of timing models for a 
timing calculation, based on the plurality of devices of 
different threshold voltages; 

obtaining a static timing analysis (STA) report through the 
timing calculation; 

de?ning a large and a small setup time margin as a Tl and 
a Ts, respectively, based on the static timing analysis 
report; 

changing the devices Whose setup time margins are less 
than Ts to loW threshold devices and changing the 
devices Whose setup time margin are greater than Tl to 
high threshold devices, such that an enhanced static 
timing analysis report is obtained; 

performing a ?rst pocket implant process for the loW 
threshold devices With a ?rst dose density by covering 
the high threshold devices; and 

performing a second pocket implant process for the high 
threshold devices With a second dose density, greater 
than the ?rst dose density, by covering the loW thresh 
old devices. 
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2. The method as recited in claim 1, Wherein after the step 
of obtaining the enhanced static timing analysis report, the 
folloWing steps are performed: 

checking a setup time of each device, based on the 
enhanced static timing analysis report; and 

changing the devices Whose setup time margin does not 
meet the enhanced static timing analysis report to the 
normal devices. 

3. The method as recited in claim 1, Wherein the Tl is 
betWeen 1 and 2 nano second. 

4. The method as recited in claim 1, Wherein the Ts is 
betWeen 0 and 1 nano second. 

5. A method for multi-threshold voltage CMOS process 
optimization, comprising the steps of: 

establishing a plurality of types of timing models for a 
timing calculation, based on a plurality of devices of 
different threshold voltages; 

obtaining a static timing analysis (STA) report through the 
timing calculation; 

de?ning a large and a small setup time margin as a Tl and 
a Ts, respectively, based on the static timing analysis 
report; and 

changing the devices Whose setup time margin are less 
than Ts to loW threshold devices and changing the 
devices Whose setup time margins are greater than Tl to 
high threshold devices, such that a enhanced static 
timing analysis report is obtained. 

6. The method as recited in claim 5, Wherein after the step 
of obtaining the enhanced static timing analysis report, the 
folloWing steps are performed: 

checking a setup time of each device, based on the 
enhanced static timing analysis report; and 

changing the devices Whose setup time margin does not 
meet the enhanced static timing analysis report to the 
normal devices. 

7. The method as recited in claim 5, Wherein the Tl is 
betWeen 1 and 2 nano second. 

8. The method as recited in claim 5, Wherein the Ts is 
betWeen 0 and 1 nano second. 

9. A method for multi-threshold voltage CMOS process 
optimization for a semiconductor substrate With a plurality 
of devices of different threshold voltages, comprising the 
steps of: 

establishing a plurality of types of timing models for a 
timing calculation, based on the plurality of devices of 
different threshold voltages; 

obtaining a static timing analysis (STA) report through the 
timing calculation; 

de?ning a large and a small setup time margin as a Tl and 
a Ts, respectively, based on the static timing analysis 
report; 

changing the devices Whose setup time margins are less 
than Ts to loW threshold devices and changing the 
devices Whose setup time margins are greater than Tl to 
high threshold devices such that a enhanced static 
timing analysis report is obtained; 

checking a setup time of each device, based on the 
enhanced static timing analysis report; 
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changing the devices Whose setup time margin does not 
meet the enhanced static timing analysis report to the 
normal devices; 

performing a ?rst pocket implant process for the loW 
threshold devices With a ?rst dose density by covering 
the high threshold devices; and 

performing a second pocket implant process for the high 
threshold devices With a second dose density, greater 
than the ?rst dose density, by covering the loW thresh 
old devices. 

10. The method as recited in claim 9, Wherein the Tl is 
betWeen 1 and 2 nano second. 

11. The method as recited in claim 9, Wherein the Ts is 
betWeen 0 and 1 nano second. 

12. A method for multi-threshold voltage CMOS process 
optimiZation for a semiconductor substrate With a plurality 
of devices of different threshold voltages, comprising the 
steps of: 

establishing a plurality of types of timing models for a 
timing, calculation, based on the plurality of devices of 
different threshold voltages; 

obtaining a static timing analysis (STA) report through the 
timing calculation; 

de?ning a large and a small setup time margin as a Tl and 
a Ts, respectively, based on the static timing analysis 
report; 

changing the devices Whose setup time margins are less 
than Ts to loW threshold devices and changing the 
devices Whose setup time margins are greater than T1 to 
high threshold devices While the remaining devices are 
normal threshold devices, such that a enhanced static 
timing analysis report is obtained; 

performing a ?rst pocket implant process for the normal 
threshold devices With a ?rst dose density by covering 
the loW threshold devices and high threshold devices; 

performing a second pocket implant process for the loW 
threshold devices With a second dose density, less than 
the ?rst dose density, by covering the normal threshold 
devices and high threshold devices; and 

performing a third pocket implant process for the high 
threshold devices With a third dose density, greater than 
the ?rst dose density, by covering the normal threshold 
devices and loW threshold devices. 

13. The method as recited in claim 12, Wherein after the 
step of obtaining the enhanced static timing analysis report, 
the folloWing steps are performed: 

checking a setup time of each device, based on the 
enhanced static timing analysis report; and 

changing the devices Whose setup time margin does not 
meet the enhanced static timing analysis report to the 
normal devices. 

14. The method as recited in claim 12, Wherein the Tl is 
betWeen 1 and 2 nano second. 

15. The method as recited in claim 12, Wherein the Ts is 
betWeen 0 and 1 nano second. 

16. A method for multi-threshold voltage CMOS process 
optimiZation, comprising the steps of: 

establishing a plurality of types of timing models for a 
timing calculation, based on a plurality of devices of 
different threshold voltages; 
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obtaining a static timing analysis (STA) report through the 
timing calculation; 

de?ning a large and a small setup time margin as a Tl and 
a Ts, respectively, based on the static timing analysis 
report; and 

changing the devices Whose setup time margins are less 
than Ts to loW threshold devices and changing the 
devices Whose setup time margins are greater than Tl to 
high threshold devices While the remaining devices are 
normal threshold devices, such that a enhanced static 
timing analysis report is obtained. 

17. The method as recited in claim 16, Wherein after the 
step of obtaining the enhanced static timing analysis report, 
the folloWing steps are performed: 

checking a setup time of each device, based on the 
enhanced static timing analysis report; and 

changing the devices Whose setup time margin does not 
meet the enhanced static timing analysis report to the 
normal devices. 

18. The method as recited in claim 16, Wherein the Tl is 
betWeen 1 and 2 nano second. 

19. The method as recited in claim 16, Wherein the Ts is 
betWeen 0 and 1 nano second. 

20. A method for multi-threshold voltage CMOS process 
optimiZation for a semiconductor substrate With a plurality 
of devices of different threshold voltages, comprising the 
steps of: 

establishing a plurality of types of timing models for a 
timing calculation, based on the plurality of devices of 
different threshold voltages; 

obtaining a static timing analysis (STA) report through the 
timing calculation; 

de?ning a large and a small setup time margin as a Tl and 
a Ts, respectively, based on the static timing analysis 
report; 

changing the devices Whose setup time margins are less 
than Ts to loW threshold devices and changing the 
devices Whose setup time margins are greater than Tl to 
high threshold devices While the remaining devices are 
normal threshold devices, such that a enhanced static 
timing analysis report is obtained; 

checking a setup time of each device, based on the 
enhanced static timing analysis report; 

changing the devices Whose setup time margin does not 
meet the enhanced static timing analysis report to the 
normal devices; 

performing a ?rst pocket implant process for the normal 
threshold devices With a ?rst dose density by covering 
the loW threshold devices and high threshold devices; 

performing a second pocket implant process for the loW 
threshold devices With a second dose density, less than 
the ?rst dose density, by covering the normal threshold 
devices and high threshold devices; and 

performing a third pocket implant process for the high 
threshold devices With a third dose density, greater than 
the ?rst dose density, by covering the normal threshold 
devices and loW threshold devices. 


