High-voltage vs high-current amplifiers
by V. M. García-Chocano

INTRODUCTION:
Ciprian offers both high-voltage and high-current amplifiers through the HVA and HCA series,
respectively. Both products provide an excellent performance and are able of suppling much
power to different loads. In most cases the scope of use of each type of amplifier is clear.
However, in some cases the nature and value of the load can lead to a confusion about the
right type of required amplifier. This note clarifies these cases, helping users to determine the
most suited amplifier for their application.

DISCUSSION:
High-current amplifiers are used in applications where the loads have an extremely low
impedance (a few ohms or less). Some examples are heating coils or Helmholtz coils intended
for the generation of intense magnetic fields. In these cases, a high voltage is not required
because a small output level already results in a very high current. In addition, high-current
amplifiers require a very low output impedance because otherwise most of the output voltage
would be applied to it instead of the load.
On the other hand, high voltage amplifiers operate with loads having more impedance
(several tens or hundreds of ohms). This is because they provide a high voltage with a
relatively moderate current. The output impedance is also low but higher than the case of
high-current amplifiers due to design reasons. Typical applications of these amplifiers are
ultrasonic devices, MEMs or electrooptic modulators.
The following table summarizes the relevant parameters of two amplifiers offered by Ciprian:
Model
HVA-800-A
HCA-300-A

Type
High-voltage
High-current

Rated voltage
±400V
±15V

Rated current
±2A
±20A

Output impedance
20Ω+68µH
10mΩ+2.1nH

For example, consider a load of 50nF at 1MHz. If we try to apply 400V to such load, the current
required would be 125.6A. If we apply 15V, the current is 4.7A. Note that the HVA-800-A
model cannot deliver 4.7A at 15V, while the HCA-300-A can do. This means that the highcurrent amplifier better suits this application. Because of this, it is important that the users
know as accurately as possible the loads used in their applications.
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EFFECT OF OUTPUT IMPEDANCES:
The latter analysis is a first approach since it neglects the effect of the output impedance.
When a load is connected to an amplifier, the actual output voltage is affected by the voltage
divider resulting from the output and load impedances (see Zout and ZL in the figure below).
The output voltage is:
𝑉0 = (𝐺 · 𝑉𝑖 )

𝑍𝐿
𝑍𝑜𝑢𝑡 + 𝑍𝐿

ZS
Zout
Zin

Vi

VS

Low-power
source

GVi

Vo

ZL

Load
Power amplifier

The maximum output voltage that both models of amplifier can deliver to a given load ZL are:
HVA-800-A
𝑉𝑜 max 𝐻𝑉 = 400

HCA-300-A
𝑍𝐿

𝑍𝑜𝑢𝑡𝐻𝑉 + 𝑍𝐿

𝑉𝑜 max 𝐻𝐶 = 15

𝑍𝐿
𝑍𝑜𝑢𝑡𝐻𝐶 + 𝑍𝐿

Thus, the amplifier providing more power will be that obtaining a higher V o. If we take the
reasonable assumption of Zout-HC << ZL, we find that the condition where the high-current
amplifier provides more power to the load is:
𝑍𝐿 <

𝑍𝑜𝑢𝑡−𝐻𝑉 𝑍𝑜𝑢𝑡−𝐻𝑉
=
400
25.67
−1
15

For example, in the case of the HVA-800-A at 500kHz this relation results in ZL<8.36Ω.
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