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A B S T R A C T   

Helium discharge photoionization detectors (HDPIDs) have been of increasing importance for detection of highly 
volatile compounds in gas chromatography (GC) and portable gas monitoring systems. The high ionization en
ergy of these detectors (13.5–17.5 eV) allows for detection of virtually all compounds of interest, offering a 
distinct advantage compared to conventional PIDs, which can only detect compounds with ionization potentials 
below 10.6 (or 11.7, if using argon) eV. However, many current designs are bulky, power intensive, or helium 
intensive, restricting their usage to benchtop laboratory use. We recently developed a miniaturized HDPID that 
has low power and helium consumption, and small footprint. While offering suitable performance for portable 
GC applications, this design relies on hand assembly of silicon and Pyrex glass pieces, reducing fabrication yield, 
robustness, and repeatability. The current work improves on this prior device using an integrated, micro
fabricated μHDPID chip along with in-house designed plasma excitation and readout circuits. The μHDPID is 
characterized using permanent gases, light hydrocarbons, and formaldehyde, achieving low detection limits 
better than 10 pg, high linearity, rapid response time, short warm-up time, and high repeatability among devices. 
This integrated on-chip gas sensor offers advantages in ease of fabrication, yield and robustness, and repeat
ability. Therefore, it can be broadly used in portable GC for various applications.   

1. Introduction 

Plasma-based photoionization detectors (PIDs) are commonly used 
for detection of highly volatile compounds in gas monitoring and anal
ysis applications [1–8]. Their high sensitivity, large dynamic range, low 
cost, fast response times, and small size make them especially useful for 
portable gas analysis, such as in portable gas chromatography (GC) 
systems [3–7,9–11]. Typical PIDs utilize sealed lamps (made of ultra
violet transparent materials such as LiF or MgF2) containing noble or 
permanent gases (e.g., xenon, krypton, and argon) to excite plasma and 
thereby generate photons ranging from 9.6–11.7 eV. While highly 
suitable for many GC applications, the limited photon energy (< 11.7 
eV) generated by regular PIDs prevents detection of chemicals with high 
ionization energies, limiting the scope of portable GC to a restricted set 
of compounds. 

More recently, research has been directed toward development of 
helium discharge PIDs (HDPIDs), which use helium flows to generate 

plasma that emits photons ranging from 13.5–17.5 eV [12–35]. In 
comparison with regular 10.6 eV or 11.7 eV PIDs, HDPIDs have been 
shown to efficiently ionize and detect virtually all volatile chemicals of 
interest [13,16,17,23,24,31], including those with ionization potentials 
close to or above 11.7 eV (e.g., methane and carbon tetrachloride). This 
provides a significant advantage over conventional lamp-based PIDs, 
which cannot detect high ionization potential compounds such as 
formaldehyde or methane. In particular, dielectric barrier discharge 
(DBD) plasma generation using high voltage (~10s-100 s kV) and high 
frequency (up to several MHz) along with usage of dielectric materials to 
protect the electrode surface from the discharge plasma has allowed for 
highly homogeneous discharge and long electrode lifetime [20,21,30, 
31,33,13–35]. These improve device performance (especially noise) and 
durability. Other methods such as pulsed or direct current discharge are 
also commonly applied for plasma generation [12,13,15–19,22,23,25, 
26,28,29,36], where either pulsed or continuous high voltages are used 
to generate helium ions. In the case of direct current discharge plasmas, 
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most excitation voltages are in the range of a few hundred V [15,25,26, 
33], while pulsed discharge plasmas utilize pulses on the ms (occa
sionally μs) timescale to excite the plasma [13,17,16–19,28,29,33,36]. 
However, in pulsed or direct current discharge, the lack of dielectric 
protecting the electrode surface (present in DBD) means that high en
ergy ions bombarding the electrode material degrade the detector over 
time, necessitating frequent maintenance or replacement. In general, 
these varying methods have allowed for development of non-destructive 
detectors with high sensitivity down to a few picograms [13,19,22,23, 
25], achieving near or subsecond peak widths [13,18,22,23,25], and 
linear dynamic range up to 7 decades [35], which allows for competitive 
performance compared to other GC detectors like flame ionization de
tectors and thermal conductivity detectors. 

While the HDPID’s high energy makes it a nearly universal detector 
for gas analysis, in contrast to regular PIDs, most HDPIDs are not 
applicable to portable GC systems. In an optimized device, the power 
consumption of the detector itself can be reduced to as low as 1.4 mW 
[23], but the total system power consumption (measured at the supply) 
is typically high (up to 12.5 W) [17,27,30,33]. Likewise, the auxiliary 
helium flow may be reduced to as low as 1 mL/min with specialized 
designs [23,25], but most systems are helium intensive (up to 300 
mL/min) [18,27,31,35], which is prohibitive for portable systems. 
Additionally, most HDPIDs are bulky in size and weight (comparable to 
typical flame ionization detector) [18,19,24,27,31,35], especially 
considering necessary auxiliary system components, such as plasma 
generation supplies, transformers, and readout circuits. For a portable 
HDPID system, low power and helium consumption, small footprint, and 
device robustness are all important characteristics for practical use. 

Zhu et al. previously addressed several of these issues by developing 
a hand-assembled microfluidic HDPID featuring low power consump
tion (<400 mW), helium consumption (5.8 mL/min), and small size and 
weight (15 mm x 10 mm x 0.7 mm, 0.25 g), while maintaining picogram- 
level sensitivity and a dynamic range of over 4 orders of magnitude [21]. 
The characteristics and performance of this HDPID are well suited for 
portable GC development, but the hand-crafted nature of this device 
greatly reduces fabrication repeatability, robustness, and scalability; 
such an assembly process cannot be automated for mass-scale produc
tion. When factoring in variability due to human assembly, device 

sensitivity, bias voltage, optimal auxiliary flow, optimal carrier gas flow, 
and response time become variables as well, meaning that two such 
HDPIDs may require quite different parameters in order to obtain similar 
results. Thus, extensive optimization was required for even a single 
device to operate well. 

This paper presents a method for repeatable, robust microfabrication 
of integrated microfluidic μHDPIDs along with in-house designed 
plasma excitation and readout circuits. Compared to the previous hand- 
assembled design, this work allows for high yield and low variability 
between devices, alleviating the need for extensive optimization on each 
individual chip. The additional use of in-house designed circuits and 
miniature power supply enables truly portable operation for in situ ex
periments (as compared to [21], which used external power supplies and 
readout circuits). Further comparison between the current work and 
other HDPIDs is provided in Table S1. The entire system (including 
power supply, circuit, and μHDPID chip) can be contained within a 
copper mesh shield of dimensions 11.5 cm × 9 cm × 5 cm. The μHDPID 
fabrication process and device characterization are detailed herein 
along with analysis of permanent gases, light hydrocarbons, and form
aldehyde, which have applicability for field analysis by portable GC. 
Detection limits on the order of or better than 10 pg are shown to be 
achievable for various volatile compounds, including those with ioni
zation energies above 10.6 eV and even 11.7 eV. Permanent gases 
having high ionization potential are also analyzed, with detection limits 
better than 20 pg. The μHDPID is additionally shown to have high 
linearity for injections ranging from 50 pg to 10 ng, rapid response time 
(~100 ms), short warm-up time (within 15 s), and high repeatability 
among devices. 

2. Materials 

Analytical standard grade pentane, heptane, benzene, toluene, 
dichloromethane, chloroform, carbon tetrachloride, acetone, tetrahy
drofuran, ethyl acetate, pyridine, isopropanol, methanol, formic acid, 
formaldehyde, and acetaldehyde were purchased from Sigma-Aldrich 
(St. Louis, MO). Oxygen, argon, carbon dioxide, methane, ethane, 
hydrogen, and nitrogen were purchased from Gasco (Oldsmar, FL). 
Argon was purchased from Cryogenic Gases (Ann Arbor, MI). Hysol® 

Fig. 1. (A) μHDPID fabrication procedure. I. Anodic bonding between glass and silicon. II. Gold deposition on bonded wafer and fresh glass wafer. III. Patterning and 
gold etching. IV. DRIE to etch channels in silicon. V. Photoresist stripping and eutectic bonding. (B) SolidWorks® schematic of single μHDPID chip. (C) Photograph of 
μHD-PID (eutectically-bonded side facing up). The final chip was 10 mm x 7 mm x 0.75 mm (L x W x H) in size. Detailed chip dimensions are provided in Figure S1. 
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1C™ Epoxy was purchased from Ellsworth Adhesive (Germantown, WI). 
Deactivated fused silica tubing (P/N 10010), an RTX-5 column (P/N 
10208, cut to 5 m in length), and an Rt-Q-BOND column (P/N 19765, cut 
to 3 m in length) all with 250 μm inner diameter were purchased from 
Restek (Bellefonte, PA). A ShinCarbon ST micropacked column (P/N 
19808) was also purchased from Restek. N-type silicon wafers (P/N 
1095, 100 mm diameter, 500 μm thickness) and Borofloat 33 glass (P/N 
517) were purchased from University Wafer. All materials were used as 
purchased without further purification or modification. Ultra-high pu
rity 5.0 grade helium (P/N UN1046) was used as the auxiliary gas for the 
μHDPID and was purchased from PurityPlus (Indianapolis, Indiana). 

3. Device fabrication 

The μHDPID fabrication process is shown in Fig. 1(A). The μHDPID 
pattern is provided in the schematic shown in Fig. 1(B) and each indi
vidual section (e.g. plasma collection chamber, collection electrodes, 
auxiliary and analyte flow inlets, etc.) is labeled. A 175 μm thick Bor
ofloat 33 glass wafer was bonded to a 400 μm thick silicon wafer at 330 
◦C under vacuum in order to reduce wafer bowing from thermal stress. 
Subsequently, 100 Å Cr followed by 5000 Å Au were deposited on a fresh 
175 μm thick Borofloat 33 glass wafer and Si side of the bonded wafer. 
The two wafers were patterned with standard lithography processes 
with mirrored patterns and the Au and Cr were subsequently etched. The 
Si was then etched away completely (400 μm in depth) using deep 
reactive ion etching (DRIE) to form the fluidic chamber and channels. 

The photoresist was stripped from both wafers and the gold sides were 
bonded via eutectic bonding at 425 ◦C. A photograph of a single μHDPID 
chip is provided in Fig. 1(C). The final chip was 10 mm × 7 mm × 0.75 
mm (L x W x H) in size. Additional chip dimensions are provided in 
Figure S1. 

After dicing the chips, fluidic connections were formed by inserting 
guard columns into the inlet and outlet and sealing with Hysol® epoxy. 
Two pairs of electrodes were made for plasma generation and electrical 
readout by depositing MG Chemicals silver conductive epoxy on the top 
and bottom glass surfaces of the plasma chamber and the silicon readout 
electrodes, respectively. Wires were attached to these electrodes also 
using MG Chemicals silver conductive epoxy. The μHDPID was flushed 
with acetone and baked out at 200 ◦C for 1 h prior to use. Although 
plasma excitation electrodes could be deposited during micro
fabrication, no difference in performance was observed between the 
microfabricated electrodes and the epoxy electrodes. While solder offers 
some improvement in mechanical robustness, deposition of appropriate 
metal pads for wire soldering (instead of silver epoxy) would require 
additional microfabrication steps, since solder cannot easily adhere to 
silicon or Pyrex glass. 

4. Device and circuit configuration 

Due to the μHDPID’s applicability to portable gas sensing, a small- 
scale circuit was developed in-house to accompany the μHDPID’s 
small footprint. The circuit generates a stabilized high-voltage AC signal 

Fig. 2. (A) Plasma generation circuit. The HV output is an AC signal with an amplitude of ~0.9 kV and a frequency of 83.6 kHz. (B) Amplification circuit. The supply 
voltage is 24 VDC. The collection electrodes are biased with 24 V. The voltage is read out through the network of R1, R2, and R3, which have an equivalent resistance 
of ~102 MΩ. The low pass filter cutoff frequency is 1.5 Hz. PID – photoionization detector. 
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of about 0.9 kV with a frequency of 83.6 kHz for plasma generation. This 
circuit (Fig. 2(A)) was designed using a NE555 astable multivibrator 
coupled with a step up transformer (ZS1052(H), Excelitas Technologies) 
through an n-channel MOSFET (IRF740SPBF). On the readout side, a 
bias voltage of 24 V was applied to the collection electrodes, where the 
current was then recorded by reading out a voltage drop across an 
external resistance circuit equivalent to ~102 MΩ. The voltage drop was 
further amplified using an INA122UA amplifier circuit, as shown in 
Fig. 2(B). A low pass filter with a cutoff frequency of 1.5 Hz was applied 
to the output of the amplification circuit. Notably, the supply voltage to 
the entire circuit was only 24 VDC, allowing for integration into low 
voltage, battery-operated portable systems. The total circuit cost was 
around only ~$250 (including both excitation and readout) and can be 
further reduced in the future with mass production ($100 – $150). 

The total system power consumption was measured to be 1.2 W, the 
majority of which was consumed by the transformer circuit as heating 
(note that using an unbranded transformer purchased from eBay, the 
power consumption can be reduced down to ~393 mW with no loss in 
performance). The auxiliary helium flow rate was set to 10.5 mL/min for 
improved device performance, although the μHDPID can be operated 
with auxiliary flows as low as 5.2 mL/min. The entire device (including 
circuit and power supply) is contained within a copper shielding mesh of 
dimensions 11.5 cm × 9 cm × 5 cm, weighing 141 g (Fig. 3). 

5. Experimental 

The μHDPID was evaluated on all separations using an Agilent 6890 
benchtop GC equipped with a split/splitless injection port. Manual in
jections of analytes were made using the injection port and separated 
using either a 5 m RTX-5 column (pentane, heptane, benzene, toluene, 
pyridine, tetrahydrofuran, ethyl acetate, acetone, isopropanol), 3 m Rt- 
Q-BOND column (dichloromethane, chloroform, carbon tetrachloride, 
methanol, formic acid, formaldehyde solution, acetaldehyde, water), 1 
m deactivated fused silica capillary (oxygen, argon, carbon dioxide, 
methane, ethane, hydrogen, nitrogen), or ShinCarbon ST micropacked 
column (permanent gas mixture). All analytes were separated under 
isothermal conditions unless otherwise stated. The temperature was 
controlled by the GC oven. Ultra-high purity 5.0 grade helium was used 
as the carrier gas. 

6. Results and discussion 

6.1. Warm-up and response time 

For a portable device, both the warm-up time and the response time 
are important parameters to ensure rapid responses to injected samples. 
The warm-up time was estimated by repeated injections of pure nitrogen 
directly after μHDPID plasma ignition (see Figure S2 for sample chro
matogram). No peaks were observed within the first 10 s of plasma 
ignition. However, the first peak could be observed within 15 s after 
plasma ignition (Figure S2), demonstrating the μHDPID’s rapid startup 
time. 

The response time (defined as time taken for signal to rise from 10 % 
of peak height to 90 % of peak height) was estimated by repeated in
jections of methane into the μHDPID at a helium flow rate of 1.5 mL/ 
min. Using a sampling rate of 4 Hz, the response time was estimated to 
be ~320 ms (average of 5 repetitions). However, if the sampling rate 
was increased to 200 Hz, the response time could be reduced to ~98 ms 
at the cost of a three times increase in noise (from 0.304 mV to 0.898 
mV, 1σ). This response time is less than half of other reported micro 
HDPIDs (about ~200 – 400 ms) [21,23,25], demonstrating the capa
bility for rapid responses suitable for fast GC. A sample overlay of the 
μHDPID methane responses with a FID methane response is provided in 
Figure S3. 

6.2. Detection limit characterization 

In order to characterize the μHDPID’s ability to accurately detect low 
concentration samples, the detection limits of 17 compounds of varying 
ionization potentials were obtained (Table 1). Example separations of 
nitrogen, heptane, methane, and formaldehyde are shown in Figure S4. 
Detection limits were obtained by first calculating the signal to noise 
ratio (SNR) of peaks obtained from injection masses ranging from 360 to 
600 pg (except for pyridine, injection mass was 1163 pg). The noise was 
calculated based on averaging the standard deviation noise (1σ) of ten 3 
s segments of baseline signal, yielding σ =0.304 mV. Detection limits 
were calculated by dividing injection masses by corresponding SNRs (3σ 
noise level). 

Table 1 shows that compounds with ionization potentials above 10.6 
eV (or even 11.7 eV in the case of water) can be detected with detection 
limits close to ~10 pg. Detection limits below 10 pg can also be achieved 
for compounds with lower ionization potentials, such as pentane or 
benzene. The low detection limit is facilitated by two factors in the 

Fig. 3. Photograph of the μHDPID system, including power supply, plasma 
excitation and readout circuits, and μHDPID. The entire system size is 11.5 cm 
× 9cm × 5 cm and weighs 141 g. 

Table 1 
μHDPID detection limits (DL) of various VOCs taken at 3σ, with σ =0.304 mV. 
Detection limits were calculated as averages based on 5 measurements. Ioniza
tion potentials (IPs) and injection amounts (IAs) are also reported for conve
nience. * compounds cannot be detected with regular 10.6 eV krypton lamps. 
Water cannot be detected with an 11.7 eV argon lamp.  

Compound DL (pg) IA (pg) IP (eV) 

Toluene 5.1 513 8.82 
Benzene 5.9 513 9.25 
Pyridine 6.8 1163 9.32 
Tetrahydrofuran 6.5 526 9.54 
Acetone 6.5 464 9.69 
Heptane 9.0 405 10.08 
Ethyl acetate 6.1 534 10.11 
Isopropanol 9.9 465 10.12 
Acetaldehyde 6.4 467 10.21 
Pentane 8.9 556 10.35 
Methanol* 11.2 469 10.85 
Formaldehyde* 13.4 476 10.87 
Formic acid* 13.4 361 11.05 
Dichloromethane* 12.3 525 11.35 
Chloroform* 12.3 441 11.37 
Carbon tetrachloride* 14.2 471 11.47 
Water* 11.5 592 12.59  
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μHDPID design. As compared with the previous HDPID [21], the plasma 
chamber volume is increased in the new design, meaning that helium 
ions are not as likely to be injected into the collection channel. In the 
original design, the plasma was generated inside a volume with a cir
cular cross-sectional area 380 μm in diameter, resulting in high auxiliary 
flow speeds of over 100 cm/s. This created a plasma jet that could easily 
flow over into the collection electrodes, thereby increasing noise. The 
new increased plasma chamber volume greatly reduces the auxiliary 
flow to less than 1 cm/s at the boundary between plasma generation and 
analyte flow, which is nearly negligible compared to the carrier gas flow 
speed from the analyte side. Additionally, a silicon wall was added be
tween the plasma discharge chamber and the collection electrodes (see 
Fig. 1(B)), acting as an ion and arc shutter to further reduce the amount 
of helium ions that could potentially be injected into the collection side. 
In combination with circuit optimization, these allowed for lowering of 
the μHDPID noise level and improvement of the detection limit. 

6.3. Detection of light hydrocarbons and permanent gases 

To further demonstrate the μHDPID’s capability to serve as a uni
versal detector for gas analysis, light hydrocarbons and permanent gases 
were injected and their detection limits were calculated (Table 2). 
Despite argon’s high ionization potential (15.76 eV), the μHDPID was 
still capable of detecting it with a detection limit of better than 20 pg, 
considering the injection volume of 1 μL at a split ratio of 209:1 (con
centration 1.784 g/L). The same was true for all other permanent gases 
and light hydrocarbons. A sample pulse response is provided in 
Figures S4(A) and (C), demonstrating a strong response with a 3.5 ng 
injection of pure nitrogen and 3 ng of pure methane. 

6.4. Linearity 

In Fig. 4, device linearity was examined for nine compounds of 
varying ionization potentials, with injection masses ranging from 50 pg 

to 10 ng for each compound. Highly linear responses were observed over 
the entire range, corroborating previously obtained results for the hand- 
assembled HDPID. Notably, the μHDPID was not adversely affected by 
injections of large amounts of moisture (methanol and water, up to 10 
ng), suggesting that vapor condensation is not an issue in the present 
design. A linear dynamic range of ~4 orders of magnitude was observed 
for all nine compounds. 

6.5. Repeatability between devices 

The main advantage of the μHDPID is the robust microfabrication 
process, allowing for high repeatability among different devices. To 
examine this, the detection limits of heptane, benzene, dichloro
methane, and nitrogen were examined for five different devices (5 
repeated injections at each data point). Fig. 5 shows that the standard 
deviation of the detection limits for the five devices are 0.35 (3.9 %), 
0.54 (8.4 %), 1.36 (10.6 %), and 0.38 (2.0 %) pg for heptane, benzene, 
dichloromethane, and nitrogen respectively. Values in percentages are 
calculated as deviation divided by the average of the detection limits of 
the five devices. The maximum deviation observed was 2.6 pg, or 20.3 % 
for dichloromethane, while on average, the deviation between devices 
was only 6.2 % (calculated as the average of the standard deviations 
divided by their respective detection limits). Notably, these results were 

Table 2 
μHDPID detection limits (DL) of various gases taken at 3σ, with σ =0.304 mV. 
Detection limits were calculated as averages based on 5 measurements. Ioniza
tion potentials (IPs) and injection amounts (IAs) are also reported for 
convenience.  

Gas DL (pg) IA (pg) IP (eV) 

Ethane 11.3 200 11.65 
Oxygen 11.3 7000 12.08 
Methane 11.8 3000 12.98 
Carbon dioxide 14.7 10000 13.79 
Hydrogen 18.8 3600 15.43 
Nitrogen 18.5 3500 15.58 
Argon 19.8 8500 15.76  

Fig. 4. μHDPID linearity on nine compounds with injection masses ranging from 50 pg to 10 ng. (A) Signal heights vs. injected masses plotted in linear-linear scale. 
(B) Signal heights vs. injected masses plotted in log-log scale. Error bars are obtained from five measurements. The R2 values for the nine linear fits are 0.9999, 
0.9996, 0.9945, 1.0000, 0.9996, 0.9997, 1.0000, 0.9985, and 0.9990 from pentane to water, respectively. 

Fig. 5. μHDPID repeatability. The detection limits of heptane, benzene, 
dichloromethane, and nitrogen were measured (5 repeated injections for each 
data point) for 5 different devices. The detection limit variation between de
vices was no larger than 2.6 pg, or 20.3 % for dichloromethane. 
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obtained using the same operating parameters for all devices (i.e., 
auxiliary flow rate, carrier gas flow rate, plasma excitation voltage, 
readout electrode bias voltage), demonstrating low inter-device vari
ance. Further improvements to repeatability would involve more robust 
methods for electrode formation, such as deposition of gold-tin elec
trodes during microfabrication (for both readout electrodes and plasma 
generation) and soldering shorter, fixed-length wire interconnections. 

6.6. GC chromatograms 

In order to demonstrate the μHDPID’s applicability to GC detection, 
two separations of formaldehyde solution and permanent gases were 
performed. The formaldehyde solution—consisting of methanol, water, 
and formaldehyde—was separated using a 3 m Rt-Q-BOND column with 
a temperature ramping profile of 70 ◦C ramped to 145 ◦C at a rate of 30 
◦C/min. The flow rate was 3 mL/min and the split ratio was 20:1. The 
resulting chromatogram is shown in Fig. 6(A) and demonstrates sharp 
peaks with peak widths (at half height) close to ~1− 2 s. 

A mixture of hydrogen, oxygen, argon, nitrogen, methane, and car
bon dioxide was prepared for the permanent gas separation. This 
mixture was separated using a ShinCarbon ST micropacked column 
using a temperature ramping profile of 30 ◦C held for 3 min, then 

ramped to 180 ◦C at a rate of 15 ◦C/min. The flow rate was set to 6.5 mL/ 
min and the split ratio was set to 20:1. Five of the six permanent gases 
were separated by the column (Fig. 6(B)), with oxygen and argon coe
luted as the second peak. This separation confirms the μHDPID’s capa
bility to detect high ionization potential permanent gases. 

7. Conclusion 

The development and fabrication of an integrated μHDPID along 
with in-house plasma excitation and readout circuits has been detailed 
herein. The entire detector system was shown to be contained within a 
copper mesh of dimensions 11.5 cm × 9 cm × 5 cm, and only weighing 
141 g. Analysis of permanent gases, light hydrocarbons, and formalde
hyde was performed, demonstrating detection limits less than 10 pg for 
various volatile compounds and less than 20 pg for even high ionization 
energy permanent gases. High linearity for injections ranging from 50 pg 
to 10 ng was also observed, along with low warm-up time (within 15 s), 
and high repeatability between devices. Compared to the prior HDPID, 
the current μHDPID design offers the greatest advantages in ease of 
fabrication, fabrication yield and robustness, and repeatability. This on- 
chip, integrated fabrication allows for large-scale production of high 
quality μHDPIDs, which can be produced in bulk and used alongside or 
replacing the current lamp-based PID (ionization up to 11.7 eV) tech
nology commonly used in portable GC systems. Furthermore, the low 
cost in-house developed circuits allow for reduction of the system size 
and operating voltage, improving the detector’s overall portability. We 
anticipate that this μHDPID will significantly broaden the applicability 
of portable GC systems for detection of compounds with high ionization 
potentials such as hydrogen, methane, formaldehyde, other light hy
drocarbons, and permanent gases. 
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