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Substrate-Triggered SCR Device for On-Chip
ESD Protection in Fully Silicided
Sub-0.25xm CMOS Process

Ming-Dou Ker, Senior Member, IEEEBNnd Kuo-Chun HsuStudent Member, IEEE

_ Abstract—The turn-on mechanism of a silicon-controlled rec- oxide breakdown voltage of the input stages. Therefore, the
tifier (SCR) device is essentially a current triggering event. While  SCR device needs the additional secondary protection circuit
a current is applied to the base or substrate of the SCR device, to perform the overall ESD protection function [2]. To pro-

it can be quickly triggered into its latching state. In this paper, . . . . .
a novel design concept to turn on the SCR device by applying vide more effective on-chip ESD protection, the modified lateral

the substrate-triggered technique is first proposed for effective SCR (MLSCR) [3] and the low-voltage-trigger SCR (LVTSCR)
on-chip electrostatic discharge (ESD) protection. This novel [4], [5] were invented to reduce the switching voltage of the SCR
substrate-triggered SCR device has the advantages of controllable device. Moreover, some advanced circuit techniques were also
switching voltage and adjustable holding voltage and is compatible reported to enhance the turn-on speed of ESD protection de-

with general CMOS processes without extra process modification _ . ) .
such as the silicide-blocking mask and ESD implantation. More- vices, such as the gate-coupled technique [6], the substrate-trig-

over, the substrate-triggered SCR devices can be stacked in ESDgered technique [7], [8], and the GGNMOS-triggered technique
protection circuits to avoid the transient-induced latch-up issue. [9].
The turn-on time of the proposed substrate-triggered SCR devices  |n this paper, the novel substrate-triggered SCR (STSCR)
can be reduced from 27.4 to 7.8 ns by the substrate-triggering yeyice having the ability of controllable switching voltage is
technique. The substrate-triggered SCR device with a small active L . .

proposed, which is compatible with general CMOS processes

area of only 20pum x 20 um can sustain the HBM ESD stress of ' =
6.5 kV in a fully silicided 0.25-m CMOS process. without extra process modification. Furthermore, the STSCR

Index Terms—Electrostatic discharge (ESD), ESD protection _deVIces n St_acked configuration have the advant_age_ of.ad-
circuit, silicon controlled rectifier (SCR), substrate-triggered justable holding voltgge, so the ESD protection circuit with
technique. stacked STSCR devices can be designed free of the latch-up
issue. Such stacked STSCR devices are designed to be kept
off during the normal circuit operating conditions and to be
quickly triggered on by a substrate-triggered technique during

LECTROSTATIC discharge (ESD) failure has become e ESD zapping conditions. The on-chip ESD protection
main reliability concern in ULSI products, especially ircircuits designed with such stacked STSCR devices for input
the scaled-down CMOS technologies. To provide whole-chfds, output pads, and power rails have been successfully
ESD protection for CMOS ICs, the on-chip ESD protection cinerified in a 0.25xm salicided CMOS process [10].
cuits have to be placed around the input, output, and power
pads. The lateral silicon-controlled rectifier (LSCR) device was II. NOVEL STSCR [EVICE
therefore used in the input (or output) ESD protection circuits o . .
to protect the CMOS IC against ESD damage [1]-[6]. Due t The §W|tch|ng voltage of an LVTS.CR device [4] rehe_s on
the low holding voltagel( hold, about~1 V in general CMOS the drain br_eakdown voltage of the inserted NMOS, which is
processes) of the SCR device, the power dissipation (pezWel‘e‘bOUtN8 v |n_the_0.25ﬂm CMOS process. Under ESD stress,
Insp X Vhold) located on the SCR device during ESD streﬁe_l‘VTSCR is triggered on by the_current generated from the
is less than that located on other ESD protection devices (s fin avalanche break_down OT the inserted NMOS. On the mo-
as the diode, MOS, BJT, or field-oxide device). So, the sdpent of ESD energy discharging, some electrons or holes from

device can sustain a much higher ESD level within a smallg}e ESD current of several amperes near the drain side might be

layout area in CMOS ICs. However, the SCR device still h%gjected into the gate oxide of the NMOS [11], [12]. Therefore,

a higher switching voltagé~20 V) in subquarter-micrometer ' LVTSCREs, the issue that ESD charges may be injected into

CMOS technology, which is generally greater than the gat@-e thinner gate oxide of the inserted NMOS in subquarter-mi-

crometer CMOS processes must be well controlled.
Based on the above discussion, the ESD protection circuits
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PAD
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Fig. 1. Device structure of the proposed STSCR device.

SCR current paths are indicated by the dashed lines. As com- current step=1mA
pared to the traditional LSCR device structure [1], the extra P or
diffusions are inserted into the STSCR device structure. The in-
serted R diffusions are connected out as the trigger node of the
STSCR device. When atrigger currentis applied into this trigger
node, the STSCR will be triggered into its latching state. The
additional N-well regions under the cathodetNMiffusion) of

the STSCR device is used to further enhance the turn-on speed
of the STSCR for more effective ESD protection, because they
increase the equivalent substrate resistdfts:b).

Such an STSCR device has been fabricated in a Qr25-
salicided CMOS process. THeV curves of the STSCR device o
under various substrate-triggered currents are measured and
shown in Fig. 2(a). The experimental setup to meadue
characteristics of the STSCR device is inserted into Fig. 2(a). (@

When the STSCR device has no substrate-triggered current .

(Ibias = 0), the STSCR is essentially triggered on by junction 0.0 f;“bs"?ff B'aso‘;o'tagigv) 10
avalanche breakdown between its N-well and P-substrate. In ® ' ' '¢ ‘ *
Fig. 2(a), the switching voltage of the fabricated STSCR device
is as high as 22 V, when the substrate-triggered current is zero.
However, the switching voltage is reduced to only 9 V, when the
substrate-triggered current is 5 mA. Moreover, the switching
voltage is reduced to only 1.85 V, when the substrate-triggered
current is increased to 8 mA. The dependence of the switching
voltage of the STSCR device on the substrate-triggered current
or the substrate bias voltage is shown in Fig. 2(b). The higher
substrate-triggered current or substrate bias voltage leads to
a much lower switching voltage in the STSCR device. ESD
protection devices with low switching voltage can be turned on ‘ . . .
more quickly to discharge ESD energy and to provide more Substrate-Triggered Current (mA)
effective protection for internal circuits. ®)

Another issue of using the SCR device as the ESD protection

. At _ ig. 2. (a) Measured—V" curves of the STSCR device under different
device is the transient-induced latch-up concern [13], when ¢ u%strate-triggered currents. (b) The dependence of the switching voltage of

IC is operating under normal circuit operation. As a result, thge STSCR on the substrate-triggered current and/or the substrate bias voltage
total holding voltage of the ESD protection circuit with SCR dein the STSCR device.

vices must be designed to be greater than the maximum voltage

level of Vp p to avoid the latch-up issue. This can be achieved bgrged view around the holding point. The total holding voltage
stacking the STSCR devices in the ESD protection circuits. Thas a bit of degradation when the temperature is increased, be-
measured—V curves of two STSCR devices in stacked configeause the current gaifi) of the parasitic bipolar transistor in
uration, which is marked as 2STSCR, under different tempehe SCR device is increased with the increase of temperature.
atures are shown in Fig. 3(a). The insert in Fig. 3(a) is the efke holding voltages of 2STSCR, for example, are 2.9, 2.7, and
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5 . . . Fig. 4. Measured/-V curves of the two STSCR devices in stacked
configuration (2STSCR) when the substrate bias voltages are applied to the
3 STSCR trigger nodes.
B
> 4{ . the trigger nodes of the stacked STSCR devices. Without the
) blocking diodes, the accumulative property in holding voltage
g E for the stacked STSCR configuration does not exist.
I 2STSCR
> | T e——— I1l. ON-CHIP ESD RROTECTION CIRCUITS
£ | T T Ty WITH STSCR [EVICES
T | . S
0, A. ESD Protection Circuit for the Input/Output Pads
= . L .
The ESD protection circuits for input and output pads, real-
——_ __ 1STSC ized with the stacked STSCR devices and ESD-detection circuit,
\ L —_““_“f———TO are shown in Fig. 5(a) and (b), respectively. All the p-trigger
20 40 60 o 0 120 nodes of the stacked STSCR devices are connected to the output
Temperature (°C) node of the ESD-detection circuit, which is formed with/ag®
(b) and an inverter, through the blocking diodes. The input node of

Fig. 3. (a) Measured/-V curves of two STSCR devices in stackedthemverter is connected D throth the resistaR. The re-
configuration (2STSCR) at different temperatures. (b) The relation betwesistor R is better realized by using the diffusion resistance for
the holding voltage a}nd the operating temperature under different numbergjggé concern of antenna effect [14]_ A capacirfbis placed be-
stacked STSCR devices. . . . .

tween the input node of the inverter aligls. This capacitor can

be formed by the parasitic capacitance at the input node of the
2.5 V at temperatures of 2575° and 125C, respectively. inverter. Under normal circuit operating conditions with p
The total holding voltage, however, can be still raised up BndVss power supplies, the input voltage of the inverter is kept
increasing the number of the STSCR devices in the stackatd/p . Therefore, the output voltage of the inverter is biased at
configuration. The measured results of the dependence 1gfs due to the turn-on of NMOS in the inverter. The p-trigger
holding voltage on temperature in the stacked STSCR devicexles of the stacked STSCR devices are biaség aty the
are summarized in Fig. 3(b). The holding voltages of 1STSCButput voltage of the inverter, so the stacked STSCR devices
2STSCR, and 3STSCR at a temperature ofQ&are 1.4, 2.9, are guaranteed to be kept off under the normal circuit operating
and 4.4V, respectively. Although the STSCR devices in stackednditions. When a positive-tbss ESD stress is zapping on
configuration have increased switching voltage, such stackid pad, the input voltage of the inverter is initially kept at zero
STSCR devices can still be quickly triggered on to providand the inverter is biased by the ESD energy on the pad. The
effective ESD protection, if the substrate-triggered current cantput voltage of the inverter is charged up by the ESD energy to
be simultaneously applied to the trigger nodes of the stackgenerate the trigger current into the trigger nodes of the stacked
STSCR devices. STSCR devices. Therefore, the STSCR devices are turned on

To investigate the characteristics of the stacked STSCR d@ad the ESD current is discharged from the pad4e through

vices, the measureB-V" curves are depicted in Fig. 4 and thehe stacked STSCR devices. However, the input voltage of the
measurement setup is also shown in the insert of Fig. 4. lfirverter may be charged up by the ESD energy through the for-
3.5-V voltage bias is simultaneously applied to the trigger nodesrd-biased diode between the pad &g, power rail. There-
of two STSCR devices, the switching voltage of 2STSCR is réore, the RC time constant in the ESD-detection circuit is de-
duced to~5 V in Fig. 4. Hence, the stacked STSCR configurasigned to keep the input voltage of inverter with a relative low
tion can be still turned on quickly if there is a suitable substrat®ltage level during the ESD stress condition. The design and
bias. The diodesDbl~Db2, in the insert of Fig. 4 are used tosimulation of thisRC-delay ESD-detection circuit will be de-
block the current flowing through the metal connected amomsgribed in the following subsections.
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Fig. 5. ESD protection circuits designed for (a) the input pad, (b) the output pad, and {¢) o-Vss ESD clamp circuit, by using the proposed STSCR
devices in a stacked configuration.

B. ESD Clamp Circuit Between the Power Rails from Vpp to Vs through the stacked STSCR devices. By suit-
?ﬂe design on the ESD-detection circuit, the stacked STSCR
e

The stacked STSCR devices can be also applied to desfgn® - A |
the power-rail ESD clamp circuit. THE» p-to-Vss ESD clamp vices can be quickly triggered on to discharge ESD current.
The detection of ESD transition is based on €' delay in

circuit realized with the stacked STSCR devices is shown i . = ' a
Fig. 5(c). The number of the stacked STSCR devices betwe_tQﬁ ESD-detection cwcwt_s, Whlch_ are the same function in the
Vpp andVss power rails is dependent on the maximum voltagiPut/output ESD protection circuits and thg p-to-Vss ESD
level betweeVp p andVss in the normal circuit operating con- ¢lamp circuit. So, theRC' circuits for the input, output, and
ditions to avoid the latch-up issue. T time constant is de- POWer pads in Fig. 5 can be implemented with the same one
signed to distinguish th&,» power-on event (with a rise time I" @ CMOS IC to save the chip layout area.
of ~ms) from the ESD-stress events (with a rise time-ois)
[15]. During the normaVpp power-on transition (from lowto ¢ circuit Simulation
high), the input voltage of the inverter in Fig. 5(c) can follow up
in time with the power-oiVp p signal, so the output voltage of The optimum design on the ESD-detection circuit with the
the inverter is kept at zero. Hence, the stacked STSCR devi@&s inverter to trigger on the stacked STSCR devices for dis-
are kept off and do not interfere with the functions of internalharging ESD current fro¥ipp to Vs is studied in Fig. 6. The
circuits. design parameters of tHe, C', and PMOS channel widti p)
When a positive ESD voltage is applied to ffigp pin with  of the inverter are first considered. Fig. 6(a) shows the transient
the Vgs pin relatively grounded, th&C' delay will keep the simulations of the ESD-detection circuit under different resis-
input voltage of the inverter at a low voltage level for a longances of?, whereC is fixed at 1 pF and the device dimensions
time; therefore, the output voltage of the inverter will becom®’/L of the PMOS and NMOS are 30/0.5 and 10/0.5, respec-
high to trigger the stacked STSCR devices. While the stackiekly. An 8-V voltage pulse with a rise time of 10 ns is ap-
STSCR devices are triggered on, the ESD current is dischargdigd to theVp p pin to simulate the ESD event. Théaxis in
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Fig. 6. Dependence of the various design parameters in the ESD-detection circuit on the triggér.tig)ebfy SPICE simulation, when the output current
of inverter is greater than 8 mA. (a) The transient simulations of the ESD-detection circuit under different resistances of R but with a fixed pTheF. (
dependence of th&,,;, on the resistanc& under different capacitan&g. (c) The relation between the resistarde@and the capacitana@ under differentls,;,
time periods. (d) The relation between the channel witith X of inverter's PMOS and th&',;, under differentRC' time constants.

Fig. 6(a) is the output current from the inverter of the ESD-deelations between channel width/p) of PMOS and thél,;,
tection circuit. In Fig. 2(b), the switching voltage of the STSCRnder differentRC time constantgr) are shown in Fig. 6(d).
device is reduced to only 1.85 V, if the substrate-triggered cuivith the increase of the channel width of PMOS or i@ time

rent is 8 mA. Based on this condition, the trigger time wheconstant, the correspondiiiy,;, is increased. To meet theé-ig

the output current of inverter is greater than 8 mA is defineaf 20 ns, the PMOS with a larger channel width only needs a
as ‘T, in Fig. 6. Ty, is increased with the increase of thesmallerRC' time constant. Such an optimum design on device
resistanceR in Fig. 6(a). If the turn-on time of the STSCR de-parameters in the ESD-detection circuit can be finely tuned by
vice, which is defined as the corresponding time from triggerir§PICE simulation for different CMOS IC applications.

state to latching state, will take about 20 ns, thg, must be
designed greater than 20 ns to ensure that the STSCR device
can enter into latching state. The dependence dithg on the
resistancé R) under different capacitan¢€’) is simulated and  The proposed ESD protection circuits have been designed
shown in Fig. 6(b)T\.;s is increased while the resistanc®) with different numbers of stacked STSCR devices and fabri-
or the capacitancéC) is increased, because the input voltageated in a 0.25:m salicided CMOS process. The STSCR de-
of the inverter can be kept at a low level for a relatively longerice is realized with a layout area of 40n x 20 um including
time. The relation between the resistarié® and capacitance P+ and N-well rings in the 0.2%m salicided CMOS process.
(C) under differentl,;, time periods are simulated and showrHowever, the active area of each STSCR without including the
in Fig. 6(c). The suitable values for the resistaffg and ca- guard rings is only 2Q«m x 20 pm. The human-body-model
pacitance€C) can be finely tuned from Fig. 6(b) and (c). UndeHBM) and machine-model (MM) ESD stresses are applied to
ESD zapping, the PMOS is on and NMOS is off initially, thushe ESD protection circuits to verify their ESD robustness. The
the output current of the inverter is dominated by the PMOS. THBM and MM ESD test results on the stacked STSCR devices

IV. EXPERIMENTAL RESULTS
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V— MM (with ESD-detection circuit) MM (V) 700 525 375
0 . . . . 0
1 2 3 4 VESD MM 2,
Number of Stacked STSCR ——— (Vium’) 0.88 0.44 0.29
Area
Fig. 7. Dependence of the HBM and MM ESD levels of stacked STSCR
configuration on the number of stacked STSCR devices (failure criterion:
ILcakage > 1 pA @ 2.5V bias). ol |t2=4.02A‘\\ —e— 1STSCR

v —v— 2STSCR
1t2=3.61A <— //: —a— 3STSCR
P .f‘N © 4STSCR
ol
in the device level (without the ESD-detection circuit) and cir- / o a2
|}

cuit level (with a ESD-detection circuit) are compared in Fig. 7.
In this experimental measurement, the ESD-detection circuit in-
cluding R, C, and the inverter are realized wifh = 100 k{2,

C = 3 pF, PMOS dimensio®V/L = 80/0.5, and NMOS di-
mensionW/L = 20/0.5. In this ESD verification, the failure
criterion is defined as the leakage current of the device or cir- Spo—
cuit after ESD stress is greater thapA under a voltage bias of
2.5 V. For device level, because the total holding voltage of the
stacked STSCR configuration is increased with an increaseryf. 8. TLP-measured-V curves of the stacked STSCR configuration
the number of stacked STSCR devices, the HBM ESD robuwithout substrate bias under different numbers of stacked STSCR devices.
ness of the stacked STSCR is decreased with an increase of the
number of stacked STSCR devices except for the condition of
2STSCR. It is supposed that there are additional parasitic SCR

)

no substrate bias

TLP Current (A)

Ha.
8

40

20 o 30
TLP Voltage (V)

paths among the two STSCR devices, which can be triggered on 4| | —o— vbias=ov | 4STSCR

in time to discharge ESD energy. So, the HBM ESD robustness v z:::::g;"" M o2 45

of 2STSCR is slightly greater than that of 1ISTSCR. The antic- _ o Vbias=6V . o "
ipated ESD discharging path is from STSCR_1 to STSCR_2. :i:" S I2=291A

The additional ESD discharging path is from the ,AN-well & oW 122,338
(STSCR_1), P-substrate totN(STSCR_2), and so on. How- gr v sl
ever, for 3STSCR or 4STSCR, the HBM ESD robustness is o 1t2=0.53A < c& O
dominated by the total holding voltage, whereas the additional -, I " e
parasitic SCR path cannot be triggered on in time to bypass T T s
the ESD current. So, the HBM ESD levels of 3STSCR and , T

4STSCR are degraded while the number of stacked STSCRs is . - - -
increased. However, the ESD level of stacked STSCR devices Voltage (V)
can be greatly improved especially for 3STSCR or 4STSCR, if

the ESD-detection circuit is used to trigger the stacked STS@E{%W
devices. In Fig. 7, the HBM ESD levels of the stacked STSCR
with ESD-detection circuit are all boosted upt8 kV. For MM

ESD event, because it has a faster ESD transition than the HBMA gate-grounded NMOS (GGNMOS) device witiV/L
event, the additional parasitic SCR paths in the stacked STSGR200/0.5 had been fabricated in the same CMOS process
may not be triggered on in time to bypass the ESD current undeith extra silicide-blocking mask for comparison reference.
such fast MM ESD zapping conditions. So, for the device levebuch a GGNMOS occupying a large active layout area of
the MM ESD level is decreased when the number of stack&8.8 um x 50 um can sustain the HBM ESD level of 3.5 kV.
STSCR devices is increased. However, the MM ESD levels ©he comparison on the ESD robustness between the stacked
the stacked STSCR devices can be also improved if the ESD-88-SCR devices and GGNMOS is shown in Table I. For
tection circuit is used to trigger the stacked STSCR devices.the ESD protection circuit designed with 2STSCR and the

TLP-measured-V" curves of the four STSCR devices in the stacked
ation (4STSCR) under different substrate bias voltages.
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Fig. 10. Turn-on verification of STSCR device under different substrate biases. (a) Experimental setup. The measured voltage waveforms amthieiggede
nodes of the STSCR device under (b) 1-V voltage triggering and (c) 2-V voltage triggering. The close-up views of the V_anode at the falling edg&Wal&th
is triggered by the voltage pulse of (d) 1.5V, (e) 2V, and (f) 4 V into thetAgger node.

ESD-detection circuit, the HBM (MM) ESD level per layout By using the transmission line pulsing (TLP) measurement
area is>10 V/um? (0.88 V/um?), but it is only 2.71 V/im?
(0.29 Vum?) for the GGNMOS. This has verified the excellentlevice can be found. Th&t?2 is another index for the HBM

area efficiency of the ESD protection circuits realized with thESD robustness, which is indicated in this work by the sudden
proposed stacked STSCR devices.

[16], [17], the secondary breakdown curréft2) of the STSCR

increase of the leakage current at the voltage bias of 2.5 V. The
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relation between the second breakdown curfétit) and HBM 6
ESD level(Vgsp) can be approximated as
st 3 STSCR
Vesp = (1500 + Ron) x It2 Q)

whereRon is the dynamic turn-on resistance of the device under sl
test. The TLP-measured-V curves of the stacked STSCR de-
vices with different numbers of STSCR devices are shown in

S
. . . . . . 0 3 B
Fig. 8. Thelt2 in Fig. 8 is almost decreased with an increase of g
ot
o
>

the number of stacked STSCR devices except for the condition
of 2STSCR, which is similar to the results of HBM ESD level.
The above hypothesis about the existence of the additional par:
asitic SCR paths can also be used to explain why the 2STSCF
has a higheft2. The TLP-measurefi-V curves of the 4STSCR

2r 1 STSCR

1+

under different substrate bias voltages are shown in Fig. 9. Al- 0
though thelt2 of 4STSCR without substrate bias is only 0.93 . . . : : —

. . . . . 0 100 200 300 400 500
A, it can be improved to 3.45 A if a 6-V voltage bias is ap- Time (ns)

plied to the trigger nodes through the blocking diodes in Fig. 9.

By increasing the substrate bias voltage, fof the stacked rig 11, Mmeasured voltage waveform on thig , line, clamped by different
4STSCR is also increased. In Fig. 9, the switching voltage gthcked STSCR devices with ESD-detection circuit, when a 0-8 V voltage pulse
the stacked STSCR devices can also be reduced to a low volt&gérlied to thé’p , line of theV, -t0-Vss s ESD clamp circuit with thé’s s

level when the voltage bias is applied to the trigger nodes, whit nded.

is consistent with the results shown in Fig. 4. o )

In order to investigate the turn-on efficiency of the ESD prd®€Sults are shown in Fig. 11. The stacked STSCR devices can
tection circuit realized with STSCR devices, the experiment3$ triggered on by the ESD-detection circuit and provide a
setup to measure the required turn-on time of the STSCR ¥ impedance path to discharge the ESD energy. In Fig. 11,
vice is illustrated in Fig. 10(a). The measured results in tffe0—8 V voltage pulse applied to th& line of Fig. 5(c) is
time domain are shown in Fig. 10(b)-(f), where the V_anodéamped to1.6V (3.2V) by. the ESD protection cwpun v.wth.
(V_trigger) is the voltage waveform on the anode (trigger) dpe 1STSCR (2STSCR) device and the ESD_—dete_ctlo_n circuit.
the STSCR shown in Fig. 10(a). A 5-V voltage bias is connecté-(ﬁ‘e clamp_ed voltage level Qf the ESD protection circuit can be
to the anode of the STSCR device through a resistance af 47inearly adjusted by changing the number of stacked STSCR
which is used to limit the sudden large transient current frofgVices for practical applications in CMOS IC products with
power supply when the STSCR is turned on. A voltage pul§ifferentVpp, voltage levels.
with a pulse width of 400 ns and a rise time of 10 ns is ap-
plied to the trigger node. While a voltage pulse of 1 V is ap- V. CONCLUSION

plied to the trigger node, the V_anode has no change, as showp noyel STSCR device used for on-chip ESD protection cir-
in Fig. 10(b). So, the STSCR device has at least a substraigts has been successfully investigated in a u@6salicided
noise margin of 1 V. The V_anode, however, is triggered inl@MOS process. By using the substrate-triggered technique, the
the latching state while the pulse voltage is increased t0 2 §TSCR device has the advantages of controllable switching
as shown in Fig. 10(c). The forward-biased Rigger node to voltage (~1.85 V @ 8 mA or~1.55 V @ 1.06 V) and high
cathode in the STSCR device limited the full swing of the 2-¥£5p robustness in a smaller layout afed 6 V/um?). On-chip
applied voltage waveform in Fig. 10(c). After the triggering thgsp protection circuits designed with the stacked STSCR
2-Vvoltage pulse, the V_anode is still kept at a low voltage levgevices and ESD-detection circuit have the advantages of free
of 2.5 V. The STSCR device has been successfully tnggeredmatch_up issue, adjustable holding voltage, fast turn-on speed,
and provided a low-impedance path to discharge current from jfgq higher ESD robustness, which are very useful in CMOS
anode to its cathode. The required turn-on time for the STSGR products in subquarter-micrometer CMOS processes. The
device into its latching state is observed by the close-up viewgnerimental result has shown that the turn-on time of STSCR
of the V_anode waveform at the falling edge, which are shovian pe reduced from 27.4 to 7.8 ns by the substrate-triggering
in Fig. 10(d)-(f) under different triggering voltage pulses. Fror’ﬂachnique. For the IC application with ¥ of 2.5 V, the

Fig. 10(d)-(f), the turn-on time of the STSCR device can be rg=gp protection circuit designed with two STSCR devices in a
duced from 27.4 to 7.8 ns, while the pulse height of the trigtgcked configuration has a clamp voltage~&8.2 V and the
gering voltage pulse is increased from 1.5 to 4 V. The turn-ggg (MM) ESD level per area of>10 V/um? (0.88 V/um?)

speed is improved with a factor e#4. The measured resultsin 5 0.25,m fully salicided CMOS process without using extra
have confirmed that the ESD protection circuit with the STSCyocess modification.
devices proposed in this paper can indeed be turned on more
quickly to discharge ESD current. REFERENCES
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