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Abstract

Abstract In this paper, we deal with the TLP evaluation results for GGNMOS in ESD protection
device of conventional CMOS process. An evaluation parameter for GGNMOS is that repeatability
evaluation for reference device(W/L=50 /1.0 ygm) and following factors for design as gate width,
number of finger, present or not for N+ gurad-ring, space of N-field region to contact and present or
not for NLDD layer. The result of repeatability was showed uniformity of lower than 1 %. The result
for design factor evaluation was ; 1) gate width leading to increase It2, 2) An increase of finger
number was raised current capability(It2), and 3) present of N+ gurad-ring was more effective than
not them for current sink. Finally we suggest the optimized design conditions for GGNMOS in
evaluated factor as ESD protection device of conventional CMOS process.
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circuits

a8 1. ESD K332 718 74,

Fig. 1. Concept for ESD protection circuit.
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a7 2. ESD BEAAd i A28 a3¢=4.
Fig. 2. Requested condition for ESD protection
device.

1) Small leakage before triggering

2) Low input capacitance

3) Vtl < Vox, Vi2 < Vox

4) Vop + AV < Vsp, Vil

5) Ron @ small

6) It2 : Large

7) Multi-finger triggering, Vtl < Vt2
* Vop @ Operation voltage

* Vox : Oxide breakdown voltage

* Vsp ' Snapback voltage
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o] th§ Design scheme.

Fig. 3. Design ESD protection
device as breakdown based type.
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Fig. 4. Schematic concept of TLP measurement.
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a3 5. TLP &4 4 (Celestron I, Wafer level).
Fig. 5. Measurement configuration of TLP
(Celestron I, Wafer level).
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ad 6. TLP 49 &A%,
Fig. 6. Flow chart of TLP measurement.

k3 1. TLP A=A TDR +42 3.
Table 1. Spectification of TDR configuration for

TLP system.
TDR(Time Domain Reflection) Specs
Load Line Impedance seen by the DUT 500
Maximum Pulse Current to DUT 104
| Minimum Pulse Width(TD) 5ns
| Recommend Pulse Width(TD) 100ns

Pulse Wi 500ns.

Recommend Pulse Rise Time(Tr) < 10ns
Practical Rise Time(Tr) > 500ps
Recommended Maximum Peak Current Ringing 20% Owvershoot
Recommended Maximum Current Ringing Duration
wﬂmmm&lmw»’mn 2ns
R L Time Windaw From < B5% to 95%
Practical Measurement Time Window 40% to 99% for longer pulses
Recommended Time between Successive Pulses 0.35ec
Cancern for Multiple Reflections. Yes,bipolar attenuator
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Table 2. Design factors for GGNMOS.

Factor Value
Channel, L 1.0 pm
Channel, W 25~200 um
Number of Finger, #
(Unit width : 50 #m, 100 um) =iz
NFLD to CNT Space 1.0/2.0/3.0 um
N+ Guard-ring w57
NLDD Layer /5
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E 3. 715 AHW/L=50/1.0[m/m])e] A8 A}
Table 3. Result of repeatahility for reference device.

Sample V1 Vh vi2 2
1 1250 856 11.00 422
2 1248 644 1079 417
3 1245 851 1085 415
4 1246 656 10,92 414
5 1247 656 1094 416
[ 12.44 652 10,88 418
7 1247 695 1102 415
8 1243 649 10.06 424
9 1248 661 1133 415
10 1243 652 119 411
Mean 12,46 6.67 1090 418
Stdev | 002 | 014 | & _ 004
T Y
_Range | 007 | 043
unitge) | 047 | 212 | 308 | o092
=50/1.0,Fing, ) TLP resuits
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A3t
Fig. 7. Result of repeatability for reference
GGNMOS.
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b~ vt1 Vh ve2 2
W=25 9.94 7.23 10.55 0.
W=50 9.97 6.55 11.01 0.71
W=100 8.98 6.37 10.35 0.99
W=150 7.03 7.00 10.65 147
W=200 7.81 7.81 10.54 1.81
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Fig. 8. TLP measurement result as channel
width.
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GGNMOS{by Finger £ TLP Measurement results

a2 9. Finger |5 W3le] w2 TLP FA A3},
Fig. 9. TLP measurement result as number of
finger.
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Fig. 10. TLP measurement result as N-Field
region to contact space.
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# 4. GGNMOS Typesl ESD RZ Aol o
%+ Design guide.

Table 4. Design guide for ESD protection device
of GGNMOS type.

Design factor 12 Recommend  Remark
Higher than
Channel width Tt 150um 2>1A
Depend on
Number of finger 1 Don't care Layout
NFLD to CNT Depend on
Space’ ND™ Don't care Layout
N+ Guard-ring ND Present Imp;:;ing
NLDD Layer ND Absent

* NFLD : N-Field, CNT : Contact
**ND : No Dependence
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