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Features 
♦  Easy-to-use USB interface to Intan Technologies 

RHA2000-series low-noise amplifier array chips. 
♦  Windows software allows for real-time viewing and 

recording of all amplifier channels digitized to 16-bit 
accuracy at a sampling rate of 25 kHz. 

♦  Credit card-sized interface board is powered directly 
from PC USB port. 

♦  Interchangeable coin-sized amplifier board connects to 
interface board via 88-cm all-digital cable. 

♦  Interface board includes six auxiliary TTL inputs for 
data synchronization. 

♦  Upper cutoff frequency of all amplifiers set by external 
resistors; adjustable from 10 Hz to 20 kHz 

♦  Lower cutoff frequency of all amplifiers set by external 
resistor; adjustable from 0.02 Hz to 1.0 kHz 

♦  Software and hardware supports in situ electrode 
impedance measurement capability. 

 

Applications 
♦  Miniaturized multi-channel headstages for neural or 

ECoG recording 
♦  Low-power wireless headstages or backpacks for 

neurophysiology experiments 
♦  Recording spikes and/or local field potentials (LFPs) 

from microelectrodes 
♦  “Smart Petri dish” in vitro recording systems 
♦  Portable multi-channel EEG or EMG recording systems 
♦  Wearable EKG monitors 
 

Description 
The RHA2000-EVAL is a complete “plug and play” 
evaluation board for the RHA2000-series of low-noise, low-
power amplifier chips from Intan Technologies.  A credit 
card-sized interface board connects to a Windows PC via 
a standard USB interface.  A coin-sized interchangeable 
amplifier board connects to the interface board via an 88-
cm all-digital cable, ensuring high data fidelity and robust 
operation.  The amplifier board includes an RHA2000-
series amplifier chip (e.g., the RHA2116) and a 16-bit 
analog-to-digital converter (ADC), along with additional 
passive components used to set amplifier bandwidths and 
support in situ electrode impedance measurement. 

An included Windows software application allows users to 
observe and record all amplifier channels in real time.  
Each channel is digitized to 16-bit accuracy at a sampling 
rate of 25 kHz.  The software also supports in situ 
electrode impedance measurement at the press of a 
button, as well as software notch filters to suppress line 
noise at 50/60 Hz. 

The upper bandwidth of the amplifiers may be programmed 
to any value between 10 Hz and 20 kHz, and the lower 
bandwidth from 0.02 Hz to 1.0 kHz, by means of three 
external resistors per chip.  This flexibility allows the chips 
to be optimized for different types of signals (e.g., 0.1 – 100 
Hz for EEG or EKG signals, 250 Hz – 7.5 kHz for neural 
action potentials). 

The entire system is powered from a USB port, simplifying 
operation and permitting safe battery-powered operation 
when an unplugged laptop PC is used.  After installing the 
USB driver software and Windows application, the device 
is ready to use.  Data may be streamed to a hard drive in 
binary format, and open-source m-file code is provided for 
importing the data files to MATLAB®. 
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Complete RHA2000-EVAL System with Amplifier Board 

 
 

All-Digital Cable Interface Signals 
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WIRE COLOR 

 
SIGNAL NAME 

 
FUNCTION 

black, black GND Ground for amplifier board.  Two ground wires are used to lower the total impedance 
from interface board to amplifier board; only one is strictly necessary. 

brown VDD +3.3V regulated DC power supply for amplifier board. 
red CNV “Convert” control signal to initiate analog-to-digital conversions on Analog Devices 

AD7980 16-bit ADC.  (See AD7980 datasheet for more information.) 
orange SDO Serial data output from AD7980 ADC on amplifier board.  (See AD7980 datasheet for 

more information.) 
yellow SCK Serial data clock signal for AD7980 ADC on amplifier board.  (See AD7980 datasheet 

for more information.) 
green reset  Resets the analog multiplexer on the RHA2000-series amplifier chip to the first 

channel when pulled low. 
blue step Advances the RHA2000-series amplifier chip on-chip analog multiplexer to the next 

channel on a rising edge. 
violet settle Fast settle.  Pulsing this pin high resets all amplifiers to baseline levels.  This pin can 

be used for quick recovery from large transient signals.  The amplifier board contains 
a pull-down resistor, so this wire may be eliminated if the settle function is not needed. 

gray Z_check Applying a 1 kHz, 3.3V square wave to this pin activates the in situ electrode 
impedance measurement function on the RHA2000-series amplifier chip and applies a 
sinusoidal 1 kHz, 1 nA current waveform to the selected electrode.  This wire may be 
eliminated if impedance measurement capability is not needed. 

white not used Not currently used.  Future expansion. 
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Amplifier Board (Type 1): RHA2116 with Nano Connector 
19 mm x 13 mm circuit board 

 
 

  
top view                                                                                             bottom view 

 
RHA2116 amplifier boards support the 16-channel low-
noise amplifier chip from Intan Technologies.  (See the 
RHA2116 datasheet for detailed information on this chip.)  
The top of each board contains three 0603-sized surface 
mount resistors (RH1, RH2, and RL) for setting the upper and 
lower bandwidths of the on-chip amplifiers.  The default 
values of these resistors set the lower bandwidth to 1.0 Hz 
and the upper bandwidth to 7.5 kHz.  These resistors can 
be changed using SMD soldering tweezers. 

The bottom of each board holds the 16-bit ADC (an Analog 
Devices AD7980), support circuitry for the ADC, and 
passive components to facilitate in situ electrode 
impedance testing.  Towards the front of each board are 
gold-plated solder pads for GND (amplifier ground) and 
ref_elec (reference electrode common to all amplifiers).  
An optional 0603-sized 0 Ω resistor R0 connects ref_elec 

to GND, but may be removed by the user for improved 
rejection of common-mode noise in some situations. 

On Type 1 amplifier boards, an 18-pin dual row nano 
connector (Omnetics A79041) provides access to all 16 
amplifier inputs (in0 – in15), as well as ref_elec and GND.  
An optional Omnetics A79044 connector provides wired 
connections for each signal: 
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Amplifier Board (Type 2): RHA2116 with DIP-16 PCB Holes 
40 mm x 13 mm circuit board 

 
 

    
top view                                                                                        bottom view 

 
 
The Type 2 RHA2116 amplifier boards have the same 
circuitry as the Type 1 boards shown on the previous page; 
only the electrode connector is different.  Type 2 boards 
have an extended printed circuit board (PCB) with a 
standard 0.1” pitch DIP (dual in-line package) pattern of 
gold-plated holes.  Two rows of holes are separated by 
0.3”, as shown in the figure at the top of the page.  A 
standard DIP socket may be soldered onto this board, or 
electrode wires may be soldered directly to the holes. 

Like the Type 1 amplifier board, an optional 0603-sized 0 Ω 
resistor R0 on the bottom side connects ref_elec to GND, 
but may be removed by the user for improved rejection of 
common-mode noise in some recording situations. 

The Type 2 board is approximately twice as long as the 
Type 1 board, as shown in the figure to the right.  In all 
other aspects, the two boards are identical in function. 
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Size comparison of Type 1 and Type 2 amplifier boards 
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Amplifier Board (Type 3): RHA2216 with Bipolar Inputs 
34 mm x 29 mm circuit board 

 
 

        
top view                                                                                        bottom view 

 
 
The larger Type 3 amplifier boards use an RHA2216 chip 
instead of the RHA2116 chips found on Type 1 and 2 
boards.  RHA2216 chips have bipolar (i.e., fully differential) 
inputs to all 16 amplifiers, and may be suitable for external 
EMG recording or other applications where pairs of bipolar 
electrodes are preferred to monopolar electrodes sharing a 
common reference electrode.  

The Type 3 RHA2216 amplifier boards have essentially the 
same circuitry as the Type 1 and 2 boards shown on the 
previous pages.  The sel_pol pin of the RHA2216 chip is 
tied to ground on this board, so only the impedances of the 
positive electrodes may be measured using the built-in 
impedance testing function of the RHA2000-EVAL system. 

Type 3 boards have an extended printed circuit board 
(PCB) with a standard 0.1” pitch DIP (dual in-line package) 
pattern of gold-plated holes. 

See the RHA2000 Series Amplifier Arrays datasheet for 
more information on the differences between the RHA2216 
and RHA2116 chips. 
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Software Interface 

   
INSTALLATION AND GENERAL USE 
The RHA2000-EVAL system includes Windows software to 
capture, display, and record real-time data from the 
RHA2000-series chip on the amplifier board.  Before 
installing and running this software or plugging in the 
interface board to the PC, the USB board drivers should be 
installed.  These drivers, as well as the interface software, 
are available at: 

http://www.intantech.com/downloads.html 
After installing the drivers and interface software, plug in 
the interface board to a USB port.  After the PC has 
recognized the new hardware, LED3 on the interface board 
should begin slowly cycling through different colors.  You 
can now run the Intan Amplifier Demo software.  The 
window should look similar to the screenshot shown above. 

Click the “Start” button to view live signals from all amplifier 
channels.  LED1 on the interface board should turn blue, 
indicating smooth USB data transfer.  If this LED turns red, 
it indicates that the host PC cannot keep up with the 
incoming data from the USB port; try closing other 
applications if this happens. 

Waveforms from all 16 amplifiers will scroll across the 
window.  Individual channels may be hidden by clicking the 
check box to the left of each waveform.  The “Hide All” and 
“Show All” buttons at the bottom left may be used speed up 
this process.  “Zoom In” and “Zoom Out” buttons are 
available for both the time and voltage axes. 

Clicking on the “Open Spike Scope” button will activate an 
additional window that may be useful when observing 
neural action potentials.  This Spike Scope tool allows 
users to set spike detection thresholds for each amplifier 
channel.  Waveforms crossing each threshold are 
superimposed in a 2.5-msec wide window, allowing users 
to compare the shapes of multiple action potentials.  This 
tool also has an optional audio feature that plays each 
threshold-triggered event over the PC speakers. 

When the Spike Scope tool is enabled, the detection 
threshold and selected amplifier channel may be selected 
using the Windows controls or simply by clicking the 
desired level or waveform. 
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The “Select Base Filename” button brings up a file 
selection window.  After a base filename and directory 
have been chosen, the “Record” button may be used to 
stream the data from selected amplifier channels to a 
binary file on the hard drive.  The software adds a unique 
time/date stamp to the base filename each time a recording 
is initiated.  An open-source m-file program is available on 
the Intan Technologies website for loading these data files 
into MATLAB®.  Data files can grow large quickly; if all 16 
channels are selected, one minute of data consumes 
approximately 98 MB of disk space.  To avoid excessively 
large files that can be extremely difficult to load into 
MATLAB®, the software automatically creates new files 
with unique time/date stamps at regular time intervals.  De-
selecting unused channels before recording is the best 
practice for minimizing file size. 
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Because the on-chip amplifiers on the RHA2000-series 
chips have inherent random DC offsets up to ±100 μV, a 
simple software high-pass filter can be enabled to remove 
these offsets.  Choosing a high cutoff frequency for this 
high-pass filter may attenuate low frequency signals of 
interest; choosing a very low cutoff frequency may result in 
slow recovery times from large transients. 

An additional software notch filter may be enabled to 
attenuate 50 Hz or 60 Hz line noise.  Also, care should be 
taken to minimize the length of wires from the amplifier 
board to electrodes, as this can have a large effect on the 
amount of line noise pickup. 

The software also allows the user to activate the hardware 
“fast settle” function on the amplifier chip by clicking a 
check box.  This function typically is only needed if an 
extremely low amplifier cutoff frequency is selected by 
changing RL on the amplifier board. 

The impedance of any electrode connected to the amplifier 
chip may be measured by clicking the “Electrode 
Impedance Test” button.  This initiates a brief test 
sequence where a sinusoidal 1 kHz, 1 nA test current is 
applied to each amplifier channel in succession.  The 
resulting voltage signal at 1 kHz is used to estimate the 
electrode impedance at that frequency.  This method is 
reasonably accurate for electrode impedances ranging 
from 4 kΩ to 4 MΩ.  This feature can be useful for 
identifying broken or shorted electrodes, and for monitoring 
electrode characteristics over time in chronic recordings. 

See the RHA2000-Series Amplifier Array datasheet for 
more detailed description of this feature. 

AUXILIARY TTL INPUTS 
The RHA2000-EVAL interface board includes an auxiliary 
digital input port (labeled J3 on the circuit board), shown in 
the photograph below. 

Pin 1 on this port is ground; pin 8 provides regulated +3.3V 
DC power.  Pins 2-7 are TTL digital inputs (aux1 – aux6) 
that are sampled at 25 kHz, in synchrony with the ADC on 
the amplifier board.  Digital signals on these pins are 
recorded by the Intan Amplifier Demo software and 
displayed as rasters at the bottom of the window, below the 
waveform the last amplifier channel.  The signals aux1 
through aux6 are displayed using the colors red, orange, 
yellow, green, blue, and violet, respectively.  Auxiliary input 
data is saved to disk during all recordings. 

Digital signals into this auxiliary port may be used to 
synchronize amplifier recordings to external triggers or 
events.  A voltage between +3.3V and +5.0V should be 
used as a digital “high” signal; zero volts should be used for 
a “low” signal.  (As a quick test, auxiliary input signals may 
be observed by touching a wire from pin 8 to one of the 
pins 2-7.)  The input resistance of each auxiliary input is 
approximately 150 kΩ. 

Note: Port J4 is reserved for future expansion, and is not 
used by the current interface software.  Port J2 is only used 
for factory configuration of the board. 
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Auxiliary TTL inputs on port J3 
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Complete Schematics for RHA2116 Amplifier Board 

 
Part 1: Amplifier inputs and bandwidth-setting resistors 

(See the RHA2000-Series Amplifier Array datasheet for a detailed explanation of chip configuration and operation.) 

 

 
Part 2: Optional electrode impedance testing circuitry 

Any Schottky diode with a forward voltage (Vf) less than 400 mV and a maximum reverse voltage (Vr-max) greater than 4.0 V can be used for D1. 
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(See the “Built-In Electrode Impedance Testing” section of the RHA2000-Series datasheet for an explanation of the operation of this circuit.) 
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Part 3: External analog-to-digital converter 

Note: The 220 Ω resistor R7 roughly matches the characteristic impedance of the interface cable, and is used to reduce reflections and improve 
the signal integrity of the SDO signal.  Similar 220 Ω resistors are placed on the interface board near the digital output pins that drive the CNV, 
SCK, reset , and step signals over the long cable.  This practice is essential for sending high-frequency digital signals reliably across cables 
of any appreciable length. 

(See the “Example of Off-Chip ADC” section of the RHA2000-Series datasheet for an explanation of the operation of this circuit.  Also see the 
AD7980 datasheet from Analog Devices at http://www.analog.com.) 

 

 
Circular connectors used for all-digital interface 

 

                                  www.intantech.com  ●  info@intantech.com 9 
 intan 

TECHNOLOGIES, LLC 

 



RHA2000-EVAL 

 

                                  www.intantech.com  ●  info@intantech.com 10 
 intan 

TECHNOLOGIES, LLC 

Description of Software Filtering Algorithms 
 
SOFTWARE OFFSET REMOVAL 
Each amplifier channel on an RHA2000-series chip has 
some small random DC offset in the range of ±100 μV, 
referred to the amplifier input.  These offsets may be 
removed in software after A/D conversion by implementing 
a digital high-pass filter at some low frequency below the 
value of fL used on the RHA2000-series amplifier array. 

A single-pole high-pass filter is easy to implement in 
software and requires little computational power.  The 
pseudo-code to implement a single-pole high-pass filter is 
shown below: 
 
double sample, state, waveform; 

state = 0.0; 

do { 
  sample = read_one_sample_from_ADC(); 
  state = B*sample + A*state; 
  waveform = sample – state; 
} 
 

Here, the variable sample is used to store the current 
ADC conversion, and state is the state variable of the 
filter.  The output of the filter is waveform, which is 
updated to a new value with each pass through the infinite 
loop. 

To design this high-pass filter for a particular cutoff 
frequency fL’, the constants A and B must be set using the 
following equations: 

A = exp( –2π·fL’ / fsample ) 

B = 1 – A 

where fsample is the ADC sampling rate for each channel and 
exp(x) is the exponential function ex.  For example, if we 
sample each amplifier channel at 25 kSamples/s and we 
wish to implement a 1.0 Hz high-pass filter to remove 
residual baseline offsets, we should use A = exp( –2π · 1.0 
/ 25000 ) = 0.9997487042 and B = 0.0002512958.  High 
precision floating point variables are recommended for this 
algorithm. 

NOTCH FILTER FOR LINE NOISE ATTENUATION 
A notch filter to reduce 50/60 Hz line noise may be 
implemented as a second-order IIR filter.  While the theory 
behind such filters is complicated, the implementation of a 
practical notch filter is quite straightforward. 

Suppose the latest three samples of our waveform (the 
input to the notch filter) are called x[t], x[t-1], and x[t-2].  A 
notch filter can be implemented using the following 
equation at each point in time: 

y[t] = b2·x[t-2] + b1·x[t-1] + b0·x[t] – a2·y[t-2] – a1·y[t-1] 

where y[t] is the output of the notch filter at time t.  The 
constants a1, a2, b0, b1, and b2 are calculated as follows: 

a1 = b1 = –(1 + d2) · cos( 2π·fN / fsample ) 

a2 = d2 

b0 = b2 = (1 + d2) / 2 

where 

 d = exp( –π·BW / fsample ) 

Here, fN is the desired notch frequency (e.g., 60 Hz in 
America; 50 Hz in Europe), fsample is the ADC sampling rate 
(25 kHz for the RHA2000-EVAL board), and BW is the 
bandwidth of the notch or “bandstop” filter.  Setting BW 
very low may sound like a good idea, but very small values 
here will lead to a long settling time for the filter.  The Intan 
software uses a bandwidth of 10 Hz (e.g., filtering out 
frequencies between 55 Hz and 65 Hz for the 60 Hz notch 
filter setting), which implements a fast-settling filter. 

As an example, if we select fN = 60 Hz, fsample = 25 kHz, and 
BW = 10 Hz, we get the following constants: 

a1 = b1 = -1.9972627755 

a2 = 0.9974898815 

b0 = b2 = 0.9987449408 

Here again, the use of high precision floating-point 
variables is good practice. 
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Pricing Information  

See www.intantech.com for current pricing.  All price 
information is subject to change without notice.  Quantities 
may be limited.  All orders are subject to current pricing at 
time of acceptance by Intan Technologies.  Additional 
charges may apply for international purchases and 
shipping. 
 
 

Contact Information 
This datasheet is meant to acquaint engineers and 
scientists with the general characteristics of the RHA2000-
EVAL evaluation board developed at Intan Technologies.  
We value feedback from potential end users.  We can 
discuss your specific needs and suggest a custom 
integrated solution tailored to your applications. 

For more information, contact Intan Technologies at: 
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© 2010 Intan Technologies, LLC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Information furnished by Intan Technologies is believed to be accurate and reliable.  However, no responsibility is assumed by Intan 
Technologies for its use, nor for any infringements of patents or other rights of third parties that may result from its use.  
Specifications subject to change without notice.  Intan Technologies assumes no liability for applications assistance or customer 
product design.  Customers are responsible for their products and applications using Intan Technologies components.  To minimize 
the risks associated with customer products and applications, customers should provide adequate design and operating safeguards. 

Intan Technologies’ products are not authorized for use as critical components in life support devices or systems.  A critical 
component is any component of a life support device or system whose failure to perform can be reasonably expected to cause the 
failure of the life support device or system, or to affect its safety or effectiveness. 
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