


RHA1016 Datasheet 

RHA1016 chips are packaged in standard 48-lead LQFP 
surface-mount packages (7mm × 7mm × 1.4mm), but are 
also available as unpackaged die for chip-on-board (COB) 
assembly.  The small footprint and low power consumption 

of the 16-channel chip enable the miniaturization of front-
end electronics for headstages, backpacks, or other 
wearable or portable biopotential recording systems.  This 
datasheet outlines the measured specifications of the chip. 
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Pin Descriptions 
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PIN 

 
TYPE 

 
FUNCTION 

VDD, VSS power Power supply (5 V). 
In0+/In0– to 
In15+/In15– 

analog inputs Differential inputs.  (For single-ended inputs, tie In0– to In15– to ground.) 

Out+, Out– analog outputs Differential output after analog multiplexer. 
Select0 – Select3 digital inputs Channel select for analog multiplexer.  Selected amplifier signal appears on output.  

Select3 is most significant bit (MSB); Select0 is least significant bit (LSB) in 4-bit word. 
CS digital input 

(active high) 
Chip Select.  Setting this pin low puts the differential output pins in a high impedance 
(HI-Z) state.  This can be used to allow multiple 16-channel chips to share a single 
A/D converter by wiring their outputs in parallel.  External logic must then be used to 
ensure that only one chip has CS pulled high at any time.  (See Application Notes.) 

 FS 
 

digital input 
(active low) 

Fast Settle.  Pulsing this pin low resets all amplifiers to baseline levels.  This pin can 
be used for quick recovery from large transient signals. 

LL other Logic Level select.  By default, the chip uses 5V digital logic levels for the Chip Select, 
Fast Settle, and Select0–Select3 pins.  Connecting a resistor to this pin allows the 
chip to accept 3.3V or 2.5V logic levels.  (See text for more details.) 

RB1, RB2 other Connection pins for two off-chips resistors used to set the bandwidth (fH) of amplifiers.   
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Package Description 
 
48-Lead LQFP (Low-Profile Quad Flat Package) 
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Unpackaged Silicon Die 
Exact pad placement not shown to scale; contact Intan Technologies 
for precise pad locations. 
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RHA1016 in packaged and bare die form 
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Typical Connection Diagram 
 
SINGLE-POLARITY POWER SUPPLY (GROUND / +5V) 
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DUAL-POLARITY POWER SUPPLY (-2.5V / GROUND / +2.5V) 
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Note:  If single-ended (non-differential) electrodes are used, tie negative inputs In0– through In15– to ground. 
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Measured Performance Characteristics 

                                  www.intantech.com  ●  info@intantech.com 10 
  TECHNOLOGIES, LLC 

 

intan

  
Figure 1.  Normalized gain vs. frequency for fH = 1 kHz. Figure 2.  Phase lag vs. frequency for fH = 1 kHz. 

  
Figure 3.  Typical input-referred noise for fH = 10 kHz. Figure 4.  Typical input-referred noise for fH = 1 kHz. 

  
Figure 5.  Typical input-referred noise for fH = 100 Hz. Figure 6.  Typical input-referred noise for fH = 10 Hz. 
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To illustrate this simple but effective algorithm, we apply it 
to the following EEG signals recorded from the occipital 
region (O1-O2) with the RHA1016 (with fH set to 50 Hz): 

 
This signal represents the variable sample in the high-
pass filter algorithm.  Here we see prominent 10-Hz alpha 
wave activity until the subject opens his eyes at t = 2.3 s.  
However, there is also a large, undesired low-frequency 
signal present.  To isolate the alpha wave activity, we apply 
the digital single-pole high-pass filter at fL’ = 4 Hz.  Plotting 
the variable waveform, we get: 

 
Now the alpha wave activity (and suppression after the 
subject opens his eyes) are much easier to see. 

If the information below fL’ is of interest, it is easily 
extracted from the algorithm with no extra computation.  
The variable state represents the input signal passed 
through a single-pole low-pass filter at the same cutoff 
frequency.  Plotting the variable state from the previous 
EEG example, we see the components of the signals that 
are below 4 Hz: 

 
This allows the amplifier signal to be separated easily into 
two frequency bands: one above fL’, and one below fL’.  For 
example, in neural recording applications one could isolate 
spikes above 300 Hz and local field potentials (LFPs) 
below 300 Hz. 

 

 

Technical side note for programmers 

Note that if we select our lower cutoff frequency such that 
fL’ = fsample / 21.84 (e.g., fsample = 7.5 kSamples/s and fL’ = 
343 Hz) then we get A = 0.75 = 3/4 and B = 0.25 = 1/4.  
Using these values of A and B, the high-pass filter can 
be implemented without using floating point arithmetic, 
and instead using bit shifts to multiply by 0.5 (one right 
shift) and 0.25 (two right shifts).  In this way, the 
multiplications in the middle line of the loop presented 
above can be simplified to: 
state = 
     sample>>2 + (state>>1 + state>>2); 
 
where >>n indicates a bit shift to the right by n bits.  Thus, 
the digital high-pass filter can be implemented on a simple 
microcontroller using only integer operations.  It is 
recommended that extra bits be used to preserve the right-
shifted bits and prevent errors due to “rounding.”  For 
example, if a 12-bit ADC is used to sample the signal, the 
variables should maintain at least 14 bits of internal 
precision. 

Other potentially useful values of fL’ are fL’ = fsample / 9.06 
(which gives A = B = 0.5 = 1/2), and fL’ = fsample / 47.05 
(which gives A = 0.875 = 7/8 and B = 0.125 = 1/8). 
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Package Dimensions  

All dimensions are in millimeters. 
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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 RHA1016 
integrated bioinstrumentation amplifier array 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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1845 E. Parkridge Drive 
Salt Lake City, UT 84121 
www.intantech.com 
info@intantech.com 

 
© 2006 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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