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1 Document Overview

This document will describe Digital Referencee®tibn for 36 channel headstage-pre
amplifiers(DRS-36) hardwargefeaturesand installation. It will also coveoacepts and
strategies for effective DRS$6 use including howheetah softareis usedo control the
boardandotheradvanced software featwreThe Global Reference Bus Cable and other
miscellaneous featured the board are also covered.

This document isntendedfor all users of the Neuralynx Digital Lyrdataacquisition
system.

2 DRS-36 Overview

The DRS36 offersflexibility and preciseontrol of neural electrode input reference

signal selection. This includése abilityto manage and control a pool of reference

electrodes, which ideally contains only error, noise atifher signals Each channel of

a data acquisition system consists of a signal and reference ifipatBigital Lynx

Input Board performt he HfAsi gnal mi nus r embardearecThed s ubt r a
DRS-36 allowsthe user to use any electrodensibas a reference for any ottiigital

Lynx Input Board input channel.

The DRS36 supports one H36 headstagpre-amplifier, 8 reference signals, connection

to a Digital Lynx Input Board (32 differential channels), and 8 Global Reference signals
which can beshared betweemultiple DRS-36 boards in gingle Digital Lynxsystem.
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3 Glossary

The following terms will be used throughout this document.

DRS-3671 Digital Reference Selection for 36 channel headstagapdifiers
Digital Lynx i Data acquisitiorsystemthata DRS-36 is installed into.
Input Board1 32 channel24 bit data acquisition boatHbat fits in a Digital Lynx slot
alongside other Input Boards or DRSs.
ReferenceSignali Thesignal 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.
CMRR1 Common Mode Rejection Ratio is a mea&suent based on the amount of
residual signal lefterror)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 signallfotin the input and reference). A
measurement ratio of 10,000:1 is also 80db.
Decibels(db)i A logarithmic measuremenf two signals with the function:

20 * log10( V1/V2)
Global Referencé A reference signal that is shared between all 3R®0ards.
Global Reference Bus (GRRB) 8 Global Reference signals shared between the-B&RS
boards.
Global Reference Bus CableThe cable that connects the Global Reference signals
between the DRS86 boards.
Local Referencé A signal on the DRS6 board which is sl as a reference signal
output. This signal may come from a headstage signal or a GRB input.
Local Reference Bus (LRB) The bus of 8 signals which can be used as the output
channel sbé6 reference signal
Headstagd A unity gain low noise buffer amplifiarsually placed close to the recording
site of an electrode.
Headstage Signals 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 Signhal Concepts

Neural electrodes contain the desired signal plus a combination of undesired noise, error,
and artifact signalsA reference kectrode signal ideally is void of the desired signal and
only consists othe same error, noise and artifact signals.

To obtain the clean, noideee desired signal the reference electrode signal is subtracted
from the neural electrode signal, normally with electronics.

All Neuralynx data acquisition produdieast an excellent Common Mode Rejection
Ratio (CMRR) specificaion on neural inputs (oeitherthe Lynx8 Amplifier or the
Digital Lynx system) of over 100 dlla ratio of100,0® to 1 This design aspect of
Neuralynx hardware provides the basis for low noise recording results.

As wiring, PC Board traces, connectarglbr electronics are added to the signal paths

the CMRR specification will be degraded due to parasitic capacitances, inductances and
circuit resistances. The DR Common Mode Rejecin Ratio measurement is 80db to
77db (10,000:10 7,000:) which isstill 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:
1 32input channels
1 4 References (Refb Ref4)
1 Animal Ground which is an unbuffered non current carrying wire used to connect
the headstage ground to the DB&(or ERRPxXx) for a reference signal.

Note hat the DRS36 will accept connections from the standard Neuralynx
Headstage product line (H®5, HS27x, HS18, HS16) but not all signals and
reference signals are present on all headstages.

5.1.1 Headstage Power

The headstage power supply outputs +5v-&wd 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 thin a millisecond of each otheThe 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 channebnnections are presentiindahe 3M MDR26

connector to the Headstage 3M MR connector. These stimulus channels (Stim1_Src,
Stim1l_Ret, Stim2_Src and Stim2_Ratgconsistent with all Neuralynx headstages,
tethers and ERRx products that incorporate stimulus lines.

5.1.3 Animal Ground as a Reference Signal

The Animal Ground signal is made by a rmnrent carrying wire connectedttee
headstage ground plane throufk tether cable and is present on the EB83or use as a

reference signal. The theory for this signal isthatstespar at e from t he norn

ground | inesd in the tether. This Ani mal
it should not have any voltage drop along the signal wire and it will be the most faithful
representation of the ground voltage oa #mimal. This signal is useful when adjusting
reference electrodes or when active reference electrodes have become damaged or
inoperative. This Animal Ground is the sameasther Neuralynx products.
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5.1.4 Panel Ground as a Reference Signal

Panel Grounds the ground plane signal on the DR&board. It may be used as a
reference signal if needed. This is cetemt with other Neuralyngroducts.

5.2 Reference Bus Block Diagram

The followingfigure shows the various switches, buffers and busses used DIR&36.
The various reference bus sections are always a maxoh8raignals wide.

Front Panel GRB Connector Output Connector i connects to Input Board

Front Panel Headstage Connector . S
9 32 differential signal connector

Headstage GRB Front Panel Input Board
37 input signals Connector Output Connector
Panel Ground 3M MDR-26 32 Diff Output Signals (64 total)
0
[
c
2
% 32 Headstage Signals A1->16 X and B1->16 o
g o 2
(2] 00|
o 3
3 B
GRB signals may be I
8 GRB Switches sourced or input @
™
8 Controlled
Array of 38 Solid State 1:8 Buffer Amps 8 Local Ref Bus i Array of 32 Solid State
multiplexer/switches with output Buffer Amps 8:1 multiplexer/switches
enables

8 Local Ref Bus signals which are used for

Selection of possible 8 headstage
differential output signal reference selection

signals to be used as references

Figure 5-1 Block Diagram of DRS

5.2.1 8 References per DRS-36

The DRS36 supports up to 8 referea 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 ierenceper 4 channel Tetrode. This has

proven to be more than enoufgin most normagpike and LFP recording setsipThe

exception would be for EMG diffential signals which requir@ne reference for each

input channel. For a 32 channel EMG differential recording s#ta®4 signals would

be connected directihroughthe headstages to the Input BoardsDRS-36 or ERP

would not normally be used for this recording setlipe sources for these 8 reference
signals include the above mentioned headstage signal, Panel Ground and any of 8 Global
Reference Bus signals whiaellow sharing of references betwe@RS-36 boards.

These 8 reference signalswillbee f er red t o as the ALocal Ref el
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5.2.2 Global Reference Bus (GRB)

The Global Reference B&RB)is a set okight signals connected between DRS boards
to dlow sharing of reference signals among boards. These signals are connected to the
front panel 3M MDR26 connector. A Global ReferemBus Cable is used to connect
these signals parallelbetween multiple DRS boards in a system.

The Global ReferencelB signals are normalbjerived/driven from individual headstage
signals. GRB signals are normally buffered before being driven on to the bus and are
buffered agairafter the front panel connectioefore being used as Input Board Channel
reference signalsThissecondebufferingpreventshe parasiticcapacitancef the solid
state switches used on the DRR@n loadng the signal lines and degraditige signal

5.3 Headstage Input Signal Switching to the Reference Bus

The 38headstage signals (32 +4refg~A d + PGnd) each-sthhiave a A1 t
multiplexer/switch integrated circuit device. This switch chipda@smmoninput

(which is the headstage signal i nput) and 8
the input. T h e r &h whish isaubed t© distonnedt the reddstag® s wii
signal from all of the 8 local reference bus signal lines.
Outputs
1:8 Multiplexer

Input with Enable 373
Common v o g
Enable §
Switch )
1

Figure 5-2 Headstage Input

The 8 output pins from the 3Bultiplexer chips are tietch common to tk 8respective

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 Ano connect genteonrtheDRSB6 headst age
board will allowonly one headstage signal to be connected to any individual Local

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

Thesame 8:1 Multiplexer IC is used to individually selecé @f the 8 Local Reference
Bus signalgLRB) for each of the 3Butputchannet feference signals.

8 Local Ref Bus Output Reference
Ref Signal Inputs for 1 of 32 channels

1:8 Multiplexer

E73 with Enable

(53 ¥ v

4 !

3 Common
9 Enable

1 Switch

Figure 5-3 LRB Signals
Remember that the output of the DRB& connects directly to the input of thegidal
Lynx Input Board (AC or DC coupled versions). There are 32 differential inputs on the
Input Board(and 32 differential outputs on the DRE8) and each channel has a Signal
(+) and a Reference)( The eight inpwt on the left connect to the LRB atite
ACommonod pin on tnobatmpiudhtthaommee dtss rted ea enc e
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 Boaatnmally done

with a short 80 pin dual ribbon cable jumpéme output connector is a high density 80

pin connector, the same part as the I nput BoO
excepion thatthe DRS36 connector is mirroreflom the InputBoards connector to
allow the use of this simple cable to make the connection.

5.6 Front Panel Lights

There ardour recessed LEDs on the top section of the EB@Svhichareviewable from
the front. Thes top fourLEDSs indicate the status of the four supplies. From top to
bottom these LEDs indicate:

1 +5v Headstage Power

1 -5v Headstage Power

1 +5v Board Analog Power

1 -5v Board Analog Power
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A blue LED in the center of the board labeld8Pwr indicates when the- 5v headstage
power is supplied to the headstage connector.

The bottomsection of the board contains fikecessed LEDs which indicate:

Booti to show that the bodrhas been properly initialized

AccsT to indicate that the last DR® comnand was proessed by this board
Errori to indicate that a DRS6 Serial String ammand contained an error

D41 areserved status indicator

D51 areserved status indicator

= =4 =4 -8 -2

Note that an error does not indicate a failure condition unless itlgtdysing system
boa 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 3RS

BackPlane Bus Connector

wn N S ] wies W% we KN
A BT e T e Y7 v

...........................

o1e1 " Nled  JEEgau) -y ” Internal

“T 1 \ ] ) Single

Headstage .A ™ Ended
to Reference _ PTTTITNS G RTTTTTL g AT 10%
Bus Selectio 0 Ik eR M YR MILE UZN W34 oM s i - Bur}ﬂr

Multiplexers P IS T 4 0 . | . : T D T e Out;;ut
- ] . Conn.

LA S TTTTVIT I B RTTTTT T St TN
s B e e
) 1 P 7T

Headstage :
Control

L i3 sss e
3

conn Global Ref Bus
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 EREX patch panels and the Digital Lynx Input Board. The
wiring on this connector uses 32 input signal pins and 4 input refesegads, 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.

3M-N10250-52E2PC &
wn

AGnd 52 { s O
m%_ e %m
HSI31 = ag jg gg 23~ HSIn27
HSIn30 3| = 2 HSIn26
HSIn29 46 | 4% 5 21 HSIn25
HSIn28 45 | 4 1 750  HSIn24
HSRefd 44 jﬁ fg 19 S2 Ret
PGnd Tether Shield 43 43 18 18 e SIc
HSIn23 | &2 - HSIn11
HSIn22 T - ie 18 HSIn10
HSIn21 40 15 HSIng
HSIn20 39 gg 12 14 HSIn8
HSIn19 38 | o9 1 12 HSIn7
HSIn18 3| o o 2 HSInG
HSIn17 36 | 35 I HSIn5
HSIn16 35 10 HSIn4
Gnd_Ref 34 gi 18 9 HSRef3
HS Power Pos 33 33 8 8 S1 Ret
HS Power Neg 32 35 - 7 S1_Src
HSIn15 | o 56 HSRef2
HSIn14 30 5 HSIn3
HSIn13 29 gg 5 HSIn2
HSIn12 28 | 2 g 3 HSIn{
HSRefl 2r | =2 > [2 HSIn0
HS Power Neg 26 26 i 1 1 HS Power Pos
AGnd Bl | e O

Figure 7-1 Headstage Pinout

Neuralynx, Inc. DRS6 User Reference Manual Rev 1.0Ry 6, 2009 Page 12



7.2 Global Reference Bus Connector

The Global Reference Bus conmaas a 3M 26 pin MDR connectas; smaller version
of the Headstage Input connector. This connector has the 8 Global Reference Signals, 8
ground connections, Headgé&+/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 atlomections from Stimulus
Isolation Units tostimulus 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 thsameas with all of the Newatynx ERRxx patch panels, which is that
there are nelectronic connections to these lines and there is a continuous connection
from the ERPxx or DRS36 from the input connector through the tether and headstage
through to the Electrode Interface Board mounted on the animal or microdrive. The
Global Refereoe Bus Cable will have the standard 10 pin connector mounted on a short
wired connection.

N10226-52B2PC &
w
=5
X
AGnd 2 | on O m
_——
AGnd 26 6 1 13 Gbl_Ref Bus_Cable_Connect
HS Power Neg 25 55 12 12 HS_Power Pos
S2 Ret 24 24 11 11 S2 Src
S1_Ret 23 23 10 10 $1 _Sre
AGnd 22 7 9 9 AGnd
AGnd 21 8 Global Refs8
AGnd 20 5(1) ? 7 Global_Refs7
AGnd 19 19 6 6 Global Refs6
AGnd 18 18 5 5 Global Refs5
AGnd I 17 4 4 Global Refs4
AGnd 16 3 Global_Refs3
AGnd 15 }g g 2 Global_Refs2
AGnd 14 14 1 1 Global_Refs1
\
AGnd 27 27 ( )
S

Figure 7-2 LRF Connector

Note that the Stimulus Channel lines can be used for two purposes: 1) to deliversstimulu
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 leson.

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 mirroradqut of the Digital Lynx Input Board input

connector to allow a simple 80 pin jumper cable to be used to connect thd@dirHout

to the Input Board.

JINZ
AGnd AGnHd
AGnd ggi ggg AGnd
Out-31 A e out-15
Out+31 sy e Ow+15
Out-20 A 44 Out-14
Out+30 i o Out+14
Out-29 S o Out-13
Out+20 2 e Out+13
Out-28 e o Out-12
Out+28 31A 318 Qut+12
Out-27 Six oaew Cut-11
Out+27 Sia i e Out+11
Out-26 s q s out-10
Out+26 = Qut+10
e 27A ¢ 278 S
26A & 26B
Out+25 554 A o85G Out+9
Out-24 oyl S Out-8
Out+24 SNN g O+
AGnNd £2 Soee AGHd
AGnd 4 AGnd
AGNd 332 = g‘og AGnNd
AGnd 19A g 198 AGnd
Out-23 18A £ 12B Qui-7
Out+23 o7
17A 1 17B
Out-22 THE b s Out-6
Out+22 o Out+6
154 & 158
Out-21 b sl Out-5
Out+ 21 g out+5
Owut-20 TNl 38 Out-4
124 S 128
Out+20 Qut+4
R 11A g 1B TR
104 3 10B
Out+19 oA B o8 Out+3
out-18 Y. A = out-2
Out+18 . & Out+2
out-17 S 5 e Out-1
Out+17 54 - 58 Qut+1
out-16 o Re P Out-0
Out+16 38 = 2@ Out+0
AGnd 1A % 1B AGnd

CONN_S0_AB RN_S0E_030_P1_SR1_TG

Note: Thi= i= backward= from the IE Input
30 pin connector because of the way the
cables are made.

Figure 7-3 80 Pin Differential Output

Neuralynx, Inc. DRS6 User Reference Manual Rev 1.0y 6, 2009 Page 14



7.4 Internal Single Ended Monitor Connector

Figure 7-4 Monitor Output
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