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1 Document Overview 
 

This document will describe Digital Reference Selection for 36 channel headstage pre-

amplifiers (DRS-36) hardware, features and installation.  It will also cover concepts and 

strategies for effective DRS-36 use including how Cheetah software is used to control the 

board and other advanced software features.  The Global Reference Bus Cable and other 

miscellaneous features of the board are also covered. 

 

This document is intended for all users of the Neuralynx Digital Lynx data acquisition 

system. 

2 DRS-36 Overview 
 

The DRS-36 offers flexibility and precise control of neural electrode input reference 

signal selection.  This includes the ability to manage and control a pool of reference 

electrodes, which ideally contains only error, noise and artifact signals.  Each channel of 

a data acquisition system consists of a signal and reference inputs.  The Digital Lynx 

Input Board performs the ñsignal minus referenceò subtraction function in hardware.  The 

DRS-36 allows the user to use any electrode signal as a reference for any other Digital 

Lynx Input Board input channel. 

 

The DRS-36 supports one HS-36 headstage pre-amplifier, 8 reference signals, connection 

to a Digital Lynx Input Board (32 differential channels), and 8 Global Reference signals 

which can be shared between multiple DRS-36 boards in a single Digital Lynx system. 
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3 Glossary 
The following terms will be used throughout this document. 

 

DRS-36 ï Digital Reference Selection for 36 channel headstage pre-amplifiers 

Digital Lynx ï Data acquisition system that a DRS-36 is installed into. 

Input Board ï 32 channel, 24 bit data acquisition board that fits in a Digital Lynx slot 

alongside other Input Boards or DRS-36s. 

Reference Signal ï The signal that is subtracted from the desired electrode signal to 

reduce the amplitude of noise, artifact and other signals that are part of the desired 

electrode signal.  The reference electrode is usually placed in a quiet part of the brain or a 

ground screw in the skull. 

CMRR ï Common Mode Rejection Ratio is a measurement based on the amount of 

residual signal left (error) after the reference signal is subtracted from the desired 

electrode signal.  This is a ratio measurement and usually measured in decibels or as the 

amount of reduction of the common mode signal (on both the input and reference).  A 

measurement ratio of 10,000:1 is also 80db. 

Decibels (db) ï A logarithmic measurement of two signals with the function: 

20 * log10( V1 / V2) 

Global Reference ï A reference signal that is shared between all DRS-36 boards. 

Global Reference Bus (GRB) ï 8 Global Reference signals shared between the DRS-36 

boards. 

Global Reference Bus Cable ï The cable that connects the Global Reference signals 

between the DRS-36 boards. 

Local Reference ï A signal on the DRS-36 board which is used as a reference signal 

output.  This signal may come from a headstage signal or a GRB input. 

Local Reference Bus (LRB) ï The bus of 8 signals which can be used as the output 

channelsô reference signal. 

Headstage ï A unity gain low noise buffer amplifier usually placed close to the recording 

site of an electrode. 

Headstage Signals ï These are the buffered electrode signals from the unity gain 

amplifier mounted on the animal.  They are present on the front panel Headstage 

Connector. 
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4 Reference Signal Concepts 
 

Neural electrodes contain the desired signal plus a combination of undesired noise, error, 

and artifact signals.  A reference electrode signal ideally is void of the desired signal and 

only consists of the same error, noise and artifact signals.   

 

To obtain the clean, noise-free desired signal the reference electrode signal is subtracted 

from the neural electrode signal, normally with electronics. 

 

All Neuralynx data acquisition products boast an excellent Common Mode Rejection 

Ratio (CMRR) specification on neural inputs (on either the Lynx-8 Amplifier or the 

Digital Lynx system) of over 100 db; a ratio of 100,000 to 1.  This design aspect of 

Neuralynx hardware provides the basis for low noise recording results. 

 

As wiring, PC Board traces, connectors and/or electronics are added to the signal paths 

the CMRR specification will be degraded due to parasitic capacitances, inductances and 

circuit resistances.  The DRS-36 Common Mode Rejection Ratio measurement is 80db to 

77db (10,000:1 to 7,000:1) which is still sufficient for all standard electrophysiology 

experiment recording.  The exception would be in environments with very large signal 

artifacts, such as an MRI signal artifact or other huge external signal.   
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5 Hardware Overview 

5.1 Headstage Input Signals 

 

There are 37 headstage input signals.  These are: 

¶ 32 input channels  

¶ 4 References (Ref1 -> Ref4) 

¶ Animal Ground which is an unbuffered non current carrying wire used to connect 

the headstage ground to the DRS-36 (or ERP-xx) for a reference signal. 

 

Note that the DRS-36 will accept connections from the standard Neuralynx 

Headstage product line (HS-36, HS-27x, HS-18, HS-16) but not all signals and 

reference signals are present on all headstages. 

5.1.1 Headstage Power 

 

The headstage power supply outputs +5v and -5v.  There is no current limit but the solid 

state switches will start to limit current around 200 milliamps (in theory).  Both power 

supplies are controlled by a set of 3 solid state PhotoMOS devices in a circuit that will 

turn on both power supply rails within a millisecond of each other.  The circuit is 

designed to minimize the chance of single supply turn on, which is bad for the opamps 

and leakage currents on the headstage. 

5.1.2 Headstage Stimulus 

 

Two differential stimulus channel connections are present from the 3M MDR-26 

connector to the Headstage 3M MDR-50 connector.  These stimulus channels (Stim1_Src, 

Stim1_Ret, Stim2_Src and Stim2_Ret) are consistent with all Neuralynx headstages, 

tethers and ERP-xx products that incorporate stimulus lines. 

5.1.3 Animal Ground as a Reference Signal 

 

The Animal Ground signal is made by a non-current carrying wire connected to the 

headstage ground plane through the tether cable and is present on the DRS-36 for use as a 

reference signal.  The theory for this signal is that it is separate from the normal ñpower 

ground linesò in the tether.  This Animal Ground signal wire carries no current; therefore 

it should not have any voltage drop along the signal wire and it will be the most faithful 

representation of the ground voltage on the animal.  This signal is useful when adjusting 

reference electrodes or when active reference electrodes have become damaged or 

inoperative.  This Animal Ground is the same as on other Neuralynx products. 
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5.1.4 Panel Ground as a Reference Signal 

 

Panel Ground is the ground plane signal on the DRS-36 board.  It may be used as a 

reference signal if needed.  This is consistent with other Neuralynx products. 

5.2 Reference Bus Block Diagram 

 

The following figure shows the various switches, buffers and busses used on the DRS-36. 

The various reference bus sections are always a maximum of 8 signals wide. 

32 Headstage Signals A1->16         and  B1->16

Headstage

37 input signals

Panel Ground

Array of 38 Solid State 1:8 

multiplexer/switches

3
8

 S
ig

n
a

ls

8 Refs

8 Controlled 

Buffer Amps 

with output 

enables

8
 G

R
B

GRB 

Connector

3M MDR-26

8 GRB Switches

8 Local Ref Bus

Buffer Amps
8Refs

Array of 32 Solid State 

8:1 multiplexer/switches

3
2

 S
e

le
c
te

d
 R

e
f 
S

ig
n

a
ls

Front Panel Input Board

Output Connector

32 Diff Output Signals (64 total)

Front Panel Headstage Connector Front Panel GRB Connector Output Connector ï connects to Input Board 

32 differential signal connector

Selection of possible 8 headstage 

signals to be used as references

GRB signals may be 

sourced or input

8 Local Ref Bus signals which are used for 

differential output signal reference selection

 
Figure 5-1 Block Diagram of DRS 

 

5.2.1 8 References per DRS-36 

 

The DRS-36 supports up to 8 reference signals to be used on the board.  This means that 

the 32 output channels connected to the Digital Lynx Input Board can have 8 different 

reference signals.  This would equate to one reference per 4 channel Tetrode.  This has 

proven to be more than enough for most normal spike and LFP recording setups.  The 

exception would be for EMG differential signals which require one reference for each 

input channel.  For a 32 channel EMG differential recording setup, the 64 signals would 

be connected directly through the headstages to the Input Boards.  A DRS-36 or ERP 

would not normally be used for this recording setup.  The sources for these 8 reference 

signals include the above mentioned headstage signal, Panel Ground and any of 8 Global 

Reference Bus signals which allow sharing of references between DRS-36 boards. 

These 8 reference signals will be referred to as the ñLocal Reference Busò signals. 
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5.2.2 Global Reference Bus (GRB) 

 

The Global Reference Bus (GRB) is a set of eight signals connected between DRS boards 

to allow sharing of reference signals among boards.  These signals are connected to the 

front panel 3M MDR-26 connector.  A Global Reference Bus Cable is used to connect 

these signals in parallel between multiple DRS boards in a system. 

 

The Global Reference Bus signals are normally derived/driven from individual headstage 

signals.  GRB signals are normally buffered before being driven on to the bus and are 

buffered again after the front panel connector before being used as Input Board Channel 

reference signals.  This second rebuffering prevents the parasitic capacitance of the solid 

state switches used on the DRS from loading the signal lines and degrading the signal. 

5.3 Headstage Input Signal Switching to the Reference Bus 

 

The 38 headstage signals (32 + 4ref + Agnd + PGnd) each have a ñ1 to 8ò solid-state 

multiplexer/switch integrated circuit device.  This switch chip has a common input 

(which is the headstage signal input) and 8 outputs, one of which may be ñswitchedò to 

the input.  There is also an ñenableò switch which is used to disconnect the headstage 

signal from all of the 8 local reference bus signal lines. 

 

 
Figure 5-2 Headstage Input 

 

The 8 output pins from the 38 multiplexer chips are tied in common to the 8 respective 

Local Reference Bus signals.  This design allows any headstage signal to be connected to 

any Local Reference Bus signal.  Note that the enable switch feature in the multiplexer 

chip allows a ñno connectò for the headstage signal.  The intelligence on the DRS-36 

board will allow only one headstage signal to be connected to any individual Local 

Reference Bus signal line. 
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5.4 8 Local Reference Bus Signals to use as 32 Channel 
References 

 

The same 8:1 Multiplexer IC is used to individually select one of the 8 Local Reference 

Bus signals (LRB) for each of the 32 output channelsô reference signals.  

  

 
Figure 5-3 LRB Signals 

Remember that the output of the DRS-36 connects directly to the input of the Digital 

Lynx Input Board (AC or DC coupled versions).  There are 32 differential inputs on the 

Input Board (and 32 differential outputs on the DRS-36) and each channel has a Signal 

(+) and a Reference (-).  The eight inputs on the left connect to the LRB and the 

ñCommonò pin on the right connects to an output channelôs reference signal.  The output 

Enable Switch shown is set to be closed (enabled). 

5.5 Connection to the Input Boards 

 

The connection of the 32 differential output channels to the Input Board is normally done 

with a short 80 pin dual ribbon cable jumper.  The output connector is a high density 80 

pin connector, the same part as the Input Boardôs differential input connector, with the 

exception that the DRS-36 connector is mirrored from the Input Boardôs connector to 

allow the use of this simple cable to make the connection. 

5.6 Front Panel Lights 

 

There are four recessed LEDs on the top section of the DRS-36 which are viewable from 

the front.  These top four LEDs indicate the status of the four supplies.  From top to 

bottom these LEDs indicate: 

¶ +5v Headstage Power 

¶ -5v Headstage Power 

¶ +5v Board Analog Power 

¶ -5v Board Analog Power 
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A blue LED in the center of the board labeled HSPwr indicates when the +/- 5v headstage 

power is supplied to the headstage connector. 

The bottom section of the board contains five recessed LEDs which indicate: 

¶ Boot ï to show that the board has been properly initialized 

¶ Accs ï to indicate that the last DRS-36 command was processed by this board 

¶ Error ï to indicate that a DRS-36 Serial String command contained an error 

¶ D4 ï a reserved status indicator 

¶ D5 ï a reserved status indicator 

 

Note that an error does not indicate a failure condition unless it stays lit during system 

boot up or a time when many reference signal changes are made (from the Cheetah User 

Interface).   
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6 Board and Parts 
 

The following picture shows the major components of the DRS-36. 

 
Figure 6-1 DRS Board 
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7 Connectors 

7.1 Headstage Input 

 

The Headstage Input Connector is the standard 3M 50 pin MDR connector used 

throughout other Neuralynx ERP-xx patch panels and the Digital Lynx Input Board.  The 

wiring on this connector uses 32 input signal pins and 4 input reference signals, as well as 

the standard headstage power, animal ground and two differential stimulus channels.  The 

wiring on this connector is a superset of signals and will support all Neuralynx 

headstages. 

 
Figure 7-1 Headstage Pinout 
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7.2 Global Reference Bus Connector 

 

The Global Reference Bus connector is a 3M 26 pin MDR connector; a smaller version 

of the Headstage Input connector.  This connector has the 8 Global Reference Signals, 8 

ground connections, Headstage +/-5v power (switched on and off with the headstage 

power) and external connections for the two differential Stimulus Channels (4 wires total).   

 

The Stimulus Channels are present on this connector to allow connections from Stimulus 

Isolation Units to stimulus electrodes connected to the EIB or power signals for lighting 

video tracker LEDs mounted to the headstage.  The operation of the Stimulus Channel 

connections is the same as with all of the Neuralynx ERP-xx patch panels, which is that 

there are no electronic connections to these lines and there is a continuous connection 

from the ERP-xx or DRS-36 from the input connector through the tether and headstage 

through to the Electrode Interface Board mounted on the animal or microdrive.  The 

Global Reference Bus Cable will have the standard 10 pin connector mounted on a short 

wired connection. 

 

 
Figure 7-2 LRF Connector 

 

 

Note that the Stimulus Channel lines can be used for two purposes: 1) to deliver stimulus 

current to the animal; and 2) to power the Video Tracker LEDs on a headstage.  If your 

experiments or laboratory use both Video Tracker LEDs and direct brain current 

stimulation you MUST make sure that the Stimulation Channels do NOT have the video 
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tracker LEDs power supplied to stimulation electrodes in the brain.  This can cause a 

large lesion. 

7.3 Differential Output Connector 

 

The output signal connector has lines for the 32 differential output signals and 16 ground 

wires.  This connector has a mirrored pinout of the Digital Lynx Input Board input 

connector to allow a simple 80 pin jumper cable to be used to connect the DRS-36 output 

to the Input Board. 

 
Figure 7-3 80 Pin Differential Output 
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7.4 Internal Single Ended Monitor Connector 

 

 
Figure 7-4 Monitor Output  


