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Abstract 

    A floating-gate based electron beam (eBeam) detector 

using lateral contact coupling structure is proposed and re-

alized by advanced CMOS FinFET processes. The negative 

voltages caused by the charging of the on-wafer sensing pads 

by eBeam has been demonstrated, leading to change in the 

corresponding floating gate charge. This detector/recorder 

has been developed for monitoring on-chip eBeam level 

without external power source. 

 

Introduction 

In modern semiconductor processes, lithographical pro-

cesses play key roles for enabling the critical dimensions on in-

tegrated circuit to be push into nano-meter regime, in which en-

ergy sources such as DUV/ EUV and eBeam become inevitable. 

To obtain feedback on the eBeam intensities on the projected 

plane, conventional sensors, i.e., Charge-coupled devices (CCD) 

[1] and Active Pixel Sensor (APS) [2], utilizing potential wells 

and/or floating nodes for collecting photo-electrons induced by 

photoelectric effects, are commonly used. In these sensor arrays, 

each pixel generally composed of a photodiode and multiple 

transistors. To ensure the integrity of the signal, special channels 

[3] for charge transferring are required. Therefore, these photo-

sensing are realized by specialized processes. On the other hand, 

high optical resolutions, high energy eBeam is found to pene-

trate deep into the sensing plan, leading to severe dispersion ef-

fects of the injected beams [4]. In this work, a floating gate (FG) 

based FinFET detector with a stacked energy sensing pad, is de-

signed for enhancing the sensitives as well as the maintaining a 

good spatial resolution.  

 

Operation Principle and Test Pattern Design 

    A 3D schematic of the proposed on-wafer eBeam detector 

with a surface energy sensing pad connected to the slot contacts 

landed on the STI region as the main coupling structure to the 

FG is illustrated in figure 1(a). The detector is designed with 

sensing gate coupling ratio (SG) of 33%, while the read gate 

coupling ratio (RG) is close to 8%. In its neutral state, the ex-

pected VTH is around 5V, when accessed from the read-gate. As 

eBeam charges up the energy sensing pad on the wafer surface, 

negative sensing pad voltage, VSP, is coupled to FG, pushing 

electrons out of the FG, as illustrated in figure 1(b). The capac-

itance level of the sensing pad, CSP, affects how fast VSP raises 

during eBeam exposure. Measured VSP responses to a test ISP 

current are arranged in figure 2, where CSP of 80fF is found, a 

comparable level of a typical probing pad. The ID-VRG curves in 

figure 3 indicates negative VTH shift from its neutral state with 

increasing eBeam exposure time with an intensity of 1C/cm2 

∙sec for low energy eBeam of 5keV. Accumulated charging ef-

fect can be found on the recorders, as revealed by data. 

Experimental Results and Discussion 

The VTH shift response under different flux levels is com-

pared in figure 4. To reach 1C/cm2 dose, the scan time on the 

sensing pads is 26, 13, 8.7 sec, respectively, for eBeam current, 

IeB, settings of 1, 2, 3pA. Same VTH shift is obtained for the same 

electron doses under flux levels of 6x1012, 12 x1012 and 18 

x1012/cm2 ∙sec. The charge stored in floating gate, QFG, saturates 

after total dosage reaches 10C/cm2. In figure 5, the detector’s 

response with increasing scan time is matched by the results ob-

tained by applying different ISP current. Not all injected elec-

trons are collected by the sensing pad, hence, matching ISP found 

to be lower than that projected by IeB. Figure 6 compares the 

detector’s responses when electron beam of different energy. As 

energy increases, the projection range deepened. With a stacked 

sensing pad, the VTH responses start to reduce when energy ex-

ceed 30keV. Figure 7 compares the extracted electron collection 

efficiency on the sensing pads, , with that obtained by CA-

SINO simulation [5]. As expected,  decreases as electrons in-

ject deeper under the surface. Figure 8 shows the data retention 

characteristics, the stored charges inside floating gate (QFG) re-

mains stable after eBeam exposure, while detectors with QFG 

close to the saturated level sees some charge-gain effect. Figure 

9 shows the degradation of sub-threshold swing of detector after 

high energy beam exposure. This is believed to be caused by the 

change in the coupling capacitance, which can be problematic 

for high energy beam sensing. In figure 10, the simulated elec-

tron distributions of beams with 25keV and 80keV is compared. 

Based on the stacked sensing pads composed of M1to M9, < 

2.8% when accelerating energy reaches 80keV. To avoid sub-

threshold swing degradation and increase electron collection ef-

ficiency, an ultra-thick metal (UTM) layer is proposed to extend 

the sensing pad upward. The simulated electron distributions for 

a detector with different thickness of UTM are arranged in fig-

ure 11. The percentage of electrons reach the Si substrate in fig-

ure 12, revealing that a UTM of a least 12m is needed to effec-

tively shield the detector from disturbance for 50keV beams. 

Conclusion 

    A floating gate eBeam detector has been successfully 

demonstrated by FinFET technologies. The power-free and on-

wafer eBeam detector/ recorder can be used off-line feedback in 

advanced lithographical systems. 
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