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Abstract— This paper investigates the characteristics of 
forward conduction of high voltage fast recovery rectifiers at 
short duration high-current pulses. In these regimes, the devices' 
datasheets do not provide data on forward voltage drop. Four 
relevant HV fast recovery rectifiers are reported here: 
BYX104G, UX-FOB, 1N6519, DH 60-18A. For the experimental 
investigation, a low-inductive breadboard was assembled. 
Forward current pulses with rise times of several ns and 
durations of hundreds of ns were applied to the diodes. The 
diode voltage drop waveforms were recorded for several 
different current pulse levels. Experimental set-up and results, 
and Volt-Ampere (VA) charts showing the dependency on the 
pulse shape are presented. The examination of these waveforms 
revealed the occurrence of high voltage overshoot during turn-
on. Only partially, these overshoots pertain to the circuit 
parasitic inductance. A detailed description of the physics 
behind this phenomenon is analyzed. It is shown that the 
overshoot is determined by the time of flight delay of electrons 
and holes injected into the pn layers of the p+pnn+ diode from p+ 
and n+ layers. The effect manifests itself as a quasi-inductance. 
Such effect is well known for low frequency, low current density 
case for diffusion transfer delay. At high current nanosecond 
pulses, the effect is due to drift of carriers in strong electric field. 

As a real test-case of an application employing these diodes, a 
high power, high voltage Pulsed Power Supply (PPS) generating 
4-J pulses of 50 kV, 100 ns, on a 100-Ω load, at a PRF of up to 

1 kHz is given. Two rectifier arrays, each based on one type of 
the tested diodes (BYX104G and UX-FOB), were assembled and 
tested, and a comparison of their performance is given. A 
conclusion has been obtained that the UX-FOB diode is 
preferable for this application.  

 
I. INTRODUCTION 

 
Datasheets of ultra-fast high voltage diodes are limited and 

usually do not have enough details regarding the forward bias 
voltage at short high-current pulses. This characteristic is 
needed for choosing a diode adequate to a specific pulsed 
power application. Collection of the absent data was of great 
importance, e.g., in a high power PPS design described in  [1] 
and its references. Several HV diodes that might be suitable 
for this application have been acquired in order to be tested 
and characterized to contribute the missing data. Table 1 
shows the main parameters of several diodes according to 
their manufacturers. The last column indicates the number of 
diodes-per-branch required in order to realize a diode array in 
the application described in Section V. An in-depth physical 
analysis delving into the nature of “anomalous” high voltage 
forward drop is given in Section IV. 

 
Table 1. Main parameters of selected HV diodes. * The stack was based on this diode. 

 

 
II. EXPERIMENTAL SET-UP 

 
Fig. 1 shows the experimental set-up layout. A HV 

inductive storage pulsed power supply type NPG10-20 made 
by PSG was used as the current source. Its output may be 
regulated in a wide range by varying the input DC voltage 
level. A breadboard with low stray inductance was 
constructed to ensure minimal distortion of the current shape 
and accurate measurements. The Device-Under-Test (DUT), 
the diode, was practically connected in parallel to the input 

ports of the circuit. A voltage limiting resistor was placed also 
across these ports. In the case of high-level signals, the 
voltage was measured by a HV probe type PHVS 652-L of 
PMK (1:1000, 6-kV peak, BW=400 MHz, rise time<0.9 ns) 
connected through a BNC connector and a short wire to the 
diode. For lower voltages (less than 300 V), usual high-
bandwidth 1:10 probes were used. The current was measured 
by a Pearson current transformer, model 2878 (usable 
risetime 5 ns) positioned on the low potential wire that led 
from the PPS to the breadboard. 

Type 
 

Mftr. VRRM IF(AV) VF @ IF IFSM 

(1 cycle) 

trr Calculated № of diodes per 
branch in application Sect. V 

BYX104G Philips 10kV 225mA 31V@1A 14A 50ns *8 
UX-FOB HVCA 8kV 500mA 14.0V 20A 50ns 10 
1N6519 VMI 10kV 500mA 13.0V 25A 70ns 8 
DH 60-18A IXYS 1.8kV 60A  2.7V 650A 150ns 45 
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Fig. 1. Experimental set-up.  
 

III. TEST RESULTS 
 

A. Voltage Overshoot 
For each tested diode, measurements were done at different 

current pulse levels, and the diode voltage and current 
waveforms were recorded. The examination of these 
waveforms reveals the occurrence of a noticeable overshoot 
of the voltage during the current rise. For example, Fig. 2 
shows the measured waveforms obtained for the VMI 
1N6519 diode - tested at level of 1.50 kV on the DC power 
supply. Trace 1 is the diode voltage including the overshoot 
part. Trace 2 is the diode voltage after the overshoot, and 
Trace 3 is the current having a fast turn-on of about 
100A/5ns. The voltage crest value is about eight times higher 
than its maximum level at a “flat” part, corresponding to 
about the same current level. This form of voltage is not 
typical for diodes, frequently used as voltage limiters, as a 
large increase of the current flowing through a diode results 
only in an insignificant voltage growth. Two main factors 
determine the attained voltage waveforms: the intrinsic 
properties of the diode, and the stray inductance of circuit, in 
which the diode is embedded. Calculations of the breadboard 
inductance, based on  [1] and estimations derived from 
measurements provide the figure of approximately 30 nH. For 
the current slew rate of 20 A/ns, and an inductance of up to 
30 nH, the corresponding voltage drop should be about 
600 V. It is obvious that this result is insignificant relative to 
the amplitude level of about 4 kV of the voltage overshoot. 
Moreover, the forward voltage overshoot differs from one 
diode to another. It comes clear that the voltage overshoot 
during the current rise is primarily a function of the diode 
intrinsic properties.  

 
B. Volt-Ampere characteristics 

The original data were the diode voltage and current 
waveforms recorded by the WaveStar software, as shown in 
Fig. 2. For both the current and the voltage measurement, the 
cables of the same length were used, so the waveforms are not 
shifted in time. The temporal waveforms were transferred to a 
spreadsheet, where each waveform was expressed as a couple 

of column vectors, one for the signal and the other for the 
corresponding time. To get the required information, the volt-
ampere charts were synthesized by taking the voltage and 
current vectors and presenting them one versus the other on 
the same graph. Fig. 3 shows the volt-ampere chart for each 
of the four diodes. In this graph, the overshoot part is 
excluded. To evaluate and compare the performance of the 
diodes, when a stack of several devices is needed to be 
assembled, it is necessary to take into account the rated 
characteristics of the diodes, such as maximum average 
current and maximum reverse voltage (see Table 1).   

 

 
 
Fig. 2. Current and voltage waveforms for 1N6519 HV diode of VMI, for 
1.5kV on the DCPS.  Trace 2 was measured with limited bandwidth by the 
scope for filtering purposes. 
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Fig. 3. Dynamic volt-ampere characteristics (smoothed) for tested diodes. 
 

IV. Physical Analysis of the Overshoot 
Phenomenon 

 
In general, such overshoot could be explained by the delay 

of electron-hole plasma injected into the diode’s “p” and “n” 
layers. Such delay was considered for diodes with p+-n-n+ 
structures in details in  [3]- [5]. To make quantitative 
estimations in accordance with  [3]- [5], it is necessary to get 
data on the most important intrinsic parameters of the diodes 
structures under test. To get them we cut off the diode’s 
sealing. The p+-n junction depths were determined by 
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2



 

chemical decoration. Estimated parameters are shown in 
Table 2. It should be noted that due to possible damage to the 
diode’s structure during disassembly, some mistakes, even in 
a number of p-n junctions, are possible. However, mistakes of 
10-50 % are of no importance for the following very crude 
general estimations. We were not able to get real dopant 
impurities distributions, so we made realistic guesses on n-
layer width based on rated voltage, total thickness, p-n 
junction depth. 

The peak overshoot voltage at maximum current density 
and current rise time are shown in Table 2 for two “high” and 
“low” current cases.  

In semiconductor p+-n - n+ structures there are several 
characteristic figures of merit: 

1. “Saturated” current  density  js corresponding to saturated 
current velocity Vs ≈ 107 cm/s 

                         
 js = qVs Nd,                                              (1) 

 
where q is electron charge,  Nd is the donor concentration in 
n-layer. 

2. In  [5] it was shown that maximum current density rise 
rate j’m = dj/dt  under maximum of applied voltage Um for the 
case j >js is 

 
j’m = (12ε Vs 

2 Um) / W3
,                                          (2) 

where ε is material permittivity, W is n-layer thickness. Table 
2 shows that for “low” current case diode current densities are 
under saturated current (1). Such “low” current case was 
considered in  [4],  [5] for applied “step” current, where current 
rise time Tr satisfied the condition 

Tr ≤ Tf = W/Vs                                               (3) 
For all our cases, Tf <1 ns and Tr >5 ns. Still for estimation 
the equation (3) from  [4] could be used   

    U(t) ≈  2/3 (W3j /(qµnµpNd t))1/2,                             (4) 
where µn ,µp are electron and hole mobilities, respectively. 

Estimation from (4) for the time 10 ns are shown in Table 
2 (column 12). Comparison of estimations and experiments 
shows, that we have in the case of UX-FOB very good 
coincidence; for IN6519 and BYX 104G, estimations are 2-3 
times lower. 

 
Table 2. Intrinsic parameters of the HV diodes 
 

Peak voltage (over-
shoot) Vp  for one p-
n junction at peak 
current density jp  

Current rise    
time, 

ns 

I 
t 
e 
m 
 

 
 
 
Type 

A number 
of pn-

junction in 
the diode 

stack 

Cross 
section, 
 
  

Total 
thickness 

of p-n 
diode, 

W,        
mkm 

Rated 
Voltage 
per p-n 
junction 
 
   V 

Approxim. 
thickness 
of n-layer 
derived 
from col. 5 
and col. 6, 
 
 mkm 

Approxim. 
donor 
concentration  
Nd in n-layer 
derived from 
col. 5 and col. 
6,  
cm-3 

DCPS- 
1.75 kV 

DCPS- 
1.25 kV 

DC 
1.75kV

DC 
1.25kV 

Saturated 
current , 
js from 
(1), 
 
  A/cm2 

    

Estimation 
of voltage 
drop from 
(5) “low” 
case Uol, 

 
      V 

Estimation of 
voltage drop 
from (5) “high” 
case Uoh, 
 
      V 

1 2 3 4 5 6 7 8 9 10 11 12 13 
1 BYX 

104G 
 

12 
1mx1m 
1 mm2 

 
200 

 
850 

 
~ 60 

 
3·1014 

640 V / 
10000 
A/cm2 

32 V / 200 
A/ cm2 

 
~ 5ns

 
~10ns 

 
480 

 
9 

 
360 

2 UX - 
FOB 

11 1,4mx1.4
m 

2 mm2 

200 750 ~ 60 4·1014 270 V 
/8700 
A/cm2 

16 V / 400 
A/ cm2 

 
~ 5ns

 
~10ns 

 
480 

 
15.6 

 
313 

3 1N651
9 

12 2 1,6m 
1.8 mm2 

200 850 ~ 60 3·1014 400 V / 
7200 
A/cm2 

20 V / 360 
A/ cm2 

 
~ 5ns

 
~10ns 

 
480 

12 259 

4 DH60-
18A 

1 ?? < 0.5 cm2 

?? 
?? 1800 

?? 
~ 120 ~1014 1200 V / 

?? > 260 
A/cm2 

65 V /   
?? > 30 A/ 
cm2 

 
~ 5ns

 
~10ns 

 
160 

17 73 

 
We note that actual impurities profiles and n-layer thicknesses 
are somewhat uncertain, but voltage – thickness dependence 
is ultralinear. Thus, possible mistakes in thickness 
determinations could explain the discrepancies. 

DH60-18A estimated drop is three times less than in 
experiments. This could be expected, because for estimation 
we used a very crude guess about the area based on packaging 
– the real area could be much smaller. We did not 
disassemble the diode. To get experimental voltage overshoot 
it is necessary to decrease the area 15 times down to 3 mm2. 
For “high” case, when j>>js, the voltage drop can be 
estimated from (2) by inversion with respect to Um:  

U0h = (j’·W3) / (12εVs
2).                                       (5) 

The voltages estimated by (5) are shown in Table 2 (col. 13). 
Again we got very good coincidence between estimation and 
experiment for UX-FOB. For BYX104G and 1N6519 the 

estimated values are 1.7 and 1.5 times less than their 
experimental counterparts, which could be easily explained 
by a slightly larger actual thickness. It is enough to increase 
thickness up to 70-75 µm to get good coincidence. The 
difference in rated voltage (col. 6) indicates that 
corresponding difference in thicknesses could exist. 

Far larger difference was found for DH60-18A, as well as 
for the low current case. The same grounds for the difference 
could be suggested: the real device area is smaller.  If we use 
a value of 3 mm2, the overshoot voltage becomes 1100 V – 
very close to real. 

The main conclusions, derived from the above analysis are: 
• to minimize the overshoot, the diodes should be used in a 

mode under limitation (1), where j > js. 
Due to ultralinear dependence of U on W (4), to get the same 
blocking voltage, it is better to use larger number of p-n 



 

junctions connected in a stack of lower voltage (thinner) p-n 
junctions. 
 

V. APPLICATION EXAMPLE 
 

High voltage pulsed power supplies with pulse energies of  
1-4 J were developed at Soreq in the framework of a 
European project ytriD  [6], as parts of pulsed corona systems 
for pollution control applications. Each power supply is based 
on a magnetic compression modulator (Fig. 4, patent pending 
 [7]). The circuit operation is described in an accompanying 
paper and  [1]. Ideally, diode D functions as a unidirectional 
switch. It conducts the current, which charges C3 via the 
saturated MS in the forward direction at low impedance. 
When the current reverses through MS, the diode which is 
reverse biased blocks, and the current is switched to the load 
Z. 
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Fig. 4. Magnetic compressor utilizing HV rectifier (patent pending  [7]). 
 
In  [1] we reported the use of the diode D inside the 

developed 4 J/pulse PPS (type HVPPSYP2). It was 
implemented by 80 BYX104G Philips diodes arranged in an 
array that consisted of 10 parallel branches, each made of 8 
diodes connected in series. The voltage and current of the 
array with corona load, at full power (9 kV charge voltage) 
are given in Fig. 5. The array energy loss was 0.56 J/shot, 
which reduced the overall efficiency and increased the diodes 
and the oil heat. As a result, it limited the pulse repetition rate 
(PRR) to 500pps.The results of the present work showed that 
the UX-FOB has much better performance than the 
BYX104G, from the point of view of forward voltage and 
overshoot. VMI diodes have almost the same losses as UXF-
OB, but they are more expensive. A new array based on the 
UX-FOB diode was constructed to replace the former diode. 
It consisted of 72 diodes in 8 parallel branches, each made of 
9 diodes connected in series (Fig. 6). The new array showed 
much better results (Fig. 5-B). The energy loss, for the same 
conditions mentioned above, was 0.27 J/shot. The 
performance of the new array made possible the operation of 
the PPS at PRR of 1000 pps in bursts of up to 3 min, which 
corresponds to the average power of 4 kW with a resistive 
load. Prolonged operation was possible up to 600 Hz; PRR 
increase was limited by the cores’ overheat. 
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Fig. 5. Diode stack voltage and current, inside the pulse generator. A- 
BYX104G-based stack. B- UX-FOB-based stack. 

 
Fig. 6. Diode array consisted on the UX-FOB, used in the HVPPSYP2 pulse 
generator.  
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