
ARL-TR- 69-11

UHF STIMULATION SYSTEM

Jose M. R. Delgado, M. D.
Gerhard Weiss, B. E. E.

Yale University School of Me dic i ne

October 1969

IThis document has been approved for public release and sale]
its d Lst r ibut ion is unlimited .

,.

...

657l!lt Aeromedical Research Laboratory
Ae r o spa c e Medical Division

Air Force Sy et e rn s Command
Holloman Air Force Base, New Mexico

'.I.·
"

•. i

: \'



11 .
O;ST~'IUTlOlmbaa.n~ s used in this study were handled in accordance with the

DISI. I ,N1Q\\iij.e..... Laboratory Animal Facihties and Care" as promulgated
/ by tr Nat nal Academy of Sciences - National Research CouncH.

lcti"SSIOilll'

cnTl
Dec
a!;lNN06KCED

,WnIC,iIOK

-:=<~~=-=::-=,------==-=--- - ---- -----------

WKITt SEtTIOI

lUff $[CI/OI 0
o

This report may be reproduced to satisfy needs of LT. S. Government
agencies. No other reproduction is authorized except with permission
of the 6571st Aeromedical Research Laboratory, Holloman AFB, NMex.

This report is made available for study with the understanding that
proprietary interests in and relating thereto will not be impaired. In
case of apparent cc.nflict or any other questions between the Govern­
ment's rights and those of othe rs , notify the Judge Advocate, Air
Force Systems Command, Andrews Air Force Base, Washington, D. C.

Do not return this copy. Retain or destroy.



UHF STIMULATION SYSTEM

Jose M. R. De lgad , , M. D.
Gerhard Weiss, B.E.E.

Yale University School of Medicine

This document has been a ppr oved for public release and sale;
its distribution is unlimited.

.J



r

...

FOREWORD

This research was conducted by the Yale University School of Medicine
und e r Contract No. F29600-67-C-0058 from 1 July to 31 December 1968.
The contract was monitored by Captain Jan D. Wallace, Bio Effects
Division, 657lst Aeromedical Research Labora.tory under project and
task number 6892/02.

The views expressed herein are those of the author and do not
necessarily reflect the views of the U. S. Air Force or the Department
of Defe t s e ,

This technica! report has be e n reviewed and approved for publication.

(!h.d!l~v~~/
ROBERT G. McIVER, Colonel, USAF, Me
Commander
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ABSTRACT

A UHF remote stimulation system working in the 915 MHz band is
described, which generates current pulses in three stimulation chan­
nal s , The amplitude, duration, repetition rate and channel can be
controlled from a. remotely located control panel. This system has
been installed at Holloman Air Force Base, New Mexico, to stimulate
the brain of free ranging chimpanzees and study the induced modifi­
cations on individual and social behavior .
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INTRODUCTION

Remote controlled stimulation of the brain based on RF tr an srni s s lon
in the 100 MHz band has been used in our laboratory for several fears

1(Delgado, et a l 1969 ).

in some locations, however. restrictions imposed on the trans­
mitting power make convenient the use of less crowded bands of frequency
and the present report describes the system that we have developed for
brain stimulation in f r e c ranging chimpanzees, using a carrier frequency
oi 915 MHz.

Figure 1 indicates the signal flow in the system. The signals
determining channel, intensity. durata on and repetition rate originate in
the control circuit section (1). The output of the control circuit is a low
power pulse train which controls the output of the gated power supply (2)
and, therefore, the power to the UHF transmitter (3). BUk: Il~S of radio
frequency at 915 MHz are generated by the transmitter ac co; d ing to the
signals from the control circuit section (1) and radiated by the antenna (4).
This equipment is stationary and located outside the animal compound or
cage.

The instruments carried by the animal consist of the 915 MHz to
100 MHz down converter (5) and the stimulator r e c e ive r (6) connected to
the converter. The receiver demodulates the 100 MHz signal from the
converter and generates the stimulation pulses at the appropriate channel
as directed by the modulating s gnals from the control circuit section (t).

SU~,,~MARY

A UHF remote stimulation system working in the 915 MHz band is
described, which gene r ate s current pulses in three stimulation channe ls ,
The amplitude, duration. repetition rate and channel can be controlled
from a remotely located control panel. This s y ste m has been installed at
Holloman Air Force Base, New Mexico, to stimulate the brain of free
ranging chimpanzees and study the induced mod ificat ions on individua l
and social behavior .

IJose M. R. Delgado, M. D .• Ronald J. Bradley, Ph. D.) Victor S. J'ohnaton ,
Ph. D .• Gerhard Weiss, B. E. E. aid Jan D. Wallace, M. D. "Imf-lanto1tio'(l of
Multilead Electrode Aas ernblie e ani Radio Stimulation of t~e Bra;n in
Chimpanzees. II 6S71st Aeromedical Research Laboratory Te chuica i Report.
ARL- TR-69-2.

.,

~
i .



/-
~ ~915MI·h

~\

ANTENNt., 4
5

UHF

TRANSMITTER

GATED

POWER 2

SUPPLY

tr-:::\
915 -100 MHz

CONVERTOR

l.

STIMULATOR

z
0t ,., ~

% % 2:: 0
(,.) U (,.) U

-f

~

I
J
~
1

1
t

as I
~

I~

i I~

~i

J

-

t
.-::0

~

-
.~

~

-~

--'
~-,
of
~

-1
~
~

1
:~

.~

J

i
j
~,

TO

ELECTRODES
CONTROL

CIRCUITS

Figure 1. UHF Stimulator System
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CIRCUIT DESCRIPTION

A. Control Circuits

Figure 2 shows the control console and Figure 3 the block diagram
of the control circuits. The circuit diagram is shown in Figure 4A and
4B. With all three ON-OFF switches in the ON position the sequence of
signals is as indicated in the timing diagram Figure 5. The letters in
the timing diagram refer to the parts of block diagram Figure 3 at which
these signals occur. The repetition rate of the control a i gr a l s is deter­
mined by t'le astable multivibrator (b).

The frequency of this multivibrator can be varied by a frequency
control (a). This control varies the time constant of the frequency deter­
mining RC network in conjunction with a voltage control which limits the
charge of the capacitor in the RC network and thus influence the frequency.

The monostable multivibrators (c) and (d) are triggered by alternate
half cycles of multivibrator (b). Multivibrator (d) triggers a delay
circuit (e ) which in turn triggers multivibrator (f). The output s of the
three monostable multivibrators (c , d , and f) are connected each to one
input of the three AND-gates (h, i , and k). Another input of each AND-gate
is c orme cted to an ON-OFF switch for each channel. The third input of
each gate is connected to a subcarrier oscillator, one for each channel.
With the switch for anyone of the channels in the ON position and the
corresponding monostable multivibrator in the triggered (unstable) condi­
tion the oscillator signal is allowed to pass through the gate to an OR
(summing)-Gate which passes any of the three signals which arrives to the
driver circuit.

The duration of the ON-time of the monostable multivibrator deter­
mines the duration of the actual current pulse from the stimulator. As
shown in the circuit diagram of the control circuit, Figure 4A, the
timing capacitor is charged by a constant current circuit which obtains
its reference voltage from the duration control (g). The duration control
is a step attenuator which determines the charging rate of the timing
capacitors in all three monostable multivibrators by varying the reference
voltage to the constant current circuit.
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Figure 2. Control Console for the Three-Channel Transmitter

4

....
".~



..

I
i..
t

I

OSC.

CHANNEL 3

T
INTENSITY
CONTROL

n

INTENSiTY
CONTROL

esc
CHANNEL 2

Pr----'--......,

INTENSITY
CONTROL

esc
CHANNEL

0_-...&----.

~

~

e 0 9

ASTABLE FREQ DURATION -

MULTIVIB CONTROL CONTROL .-

c d •
MONO MONO

DELAY
P.lONO

STABLE STABLE STABLE

MULTIVIS. MULTIVIS.
CIRCUIT

MULTIVIS,

on-off

~

DRIVER
TO GATED

POWER
SUPPLY

Figure 3. Block Diagram of Control Circuits

5



-=- ~-----

'1,""""'''''':' '~II"I.I'''''''' "',' ',. !,.-,'" ." 'C" I

-.
TO SlMIIlNG

RESlsnlRS

•.ONE SHOT
:5

ALL .... 2N3904
ALL PM' 2N3906
ALL UNIIAfllCED COMPOI'tEHTS

sEL.t:'l'ED ATTEST
DIODES 1N4.. 41

. . •.. , .,_.,,1

- .. - - - - - - - ....-- _. - - - ...,
CHANNEL I O~LATOR

CHI 2 :5

L 100 120 ISO lilt
C 220 220 330 pi

CK:SHOt'
I

1
- -- . //,' I

C :-"'N,,---4..7Il __ ·- - ~~

-'lrlll~
- 500 .oOt 11J .. :?~c: ~

+-.__ I~~ I ON~~1l1 ...1lI:~'
/.... >i~NSITY " --.-1' ')'
;.--..(I _ _ _ _ _ _ _ _ no .. -

+-C':---~'Il-~-iH=-",J!-~ 'c;"'~-
L-' I ~2 ,3,.

I . 05C, osc
1 I I

- - "\:..:.-- 1

Ir-------·---
I
I

----TV

- - ., - - - I - - - - -
I I ----4---

i , '\IV"v , ,- - , - - - - -
51 N.!E REF UTE

-.-, 'TI1" ,- nil~.
JTr~:-~~- - ,.I~lt··:--::_~ --~= =--~-- . ,," - ..-

r r-i311 <:DlJ--=Jl
~Lt].22 ~OI

----I j~--'--'-' ...---. J
1\/\ <

:41k 47k
• • - -'\/\I,.

0-

___ ' LS

Figure 4A. Circuit Diagram of Control Console

,

~:"lj~"'IIt~,I"JlL",li.~"il.,· 101.·1,,, .. 1 ,·J."~Ii:II:i1,.IL I:I,!; .. I 1,,1"'1- 1:1, .i,,·,.,;.".II!,.I.'I,,·I,1 ,.,"1.'11,· .. ;, iill:iJ;;~~llul'III'J~~.II:I~I*I~I~



t
~

f
t,

\
i,
!

..

Ill.

J§41
IN4CC2

OUTPUT
TO GATED
POWER SUPPLY

S80

-48V

TV

INTENS.

10'< A.. L 1'1'!A"ISISTOR S
NPN 2"1 "'04

~p 2"1310&

Figure 4B. Ci rcuit Diagram of Control Console

7



'J \ -

,
I

I I
I I

'~'l 11 -

I
I
I
I

nI

d I ~

I

I

I
I
I

• I

~nI
I
I

I
I I
I I,

ILLI
I

I
I
I
I I I

CH I I CM Z I eM 3 I eH I
I

9

III/ LJII I I
Figure 5. Ti m irig Diagram

~

8 ~
i
~
a
~

~

!



..

The first two monostable circuits (c) and (d) are always triggered
one- ha 1£ of a cycle of the astable multivibrator (b) apart while the third
monostable circuit. (f) follows the second by a constant delay of approxi­
mately 1 m s e c , This delay is provided by delay circuit (e), a single
transistor which is temporarily turne d off by a negative potential at the
input capacitor. The duration of the off-time is determined by the
coupling capacitor and the bias resistor at the base.

There are three subca r r ie r oscillators (1, rn , and n) , one for each
stimulation channel. The o s c i l lat cr s employ a Solpitts circuit. The
basic frequency determines the channel and a variation of this frequency
the intensity of stimulation current. The intensity controls (0, p. and r ]
provided for each channel are variable capacitors in parallel to the tank
circuit inductor.

The gated subcarrier oscillator signals from the outputs of AND-gates
(h, i , and k) are connected to the driver stage (t) vi"' OR- gate (s).

B. '.1. ne Gated Power Supply

A photograph and a circuit diagram of this unit are shown in
Figure 6 and Figure 7 respectively. The primary power is received from
the A. C. supply line and stepped down in the power transformer. The
secondary voltage is rectified, filtered and pre-regulated by transistor
Ql (lN3054) whose base is connected to D2, a 30 volt zener diode,

The input to the gating circuit is connected to the driver stage in
the control circuit section via transistor OZ which is used as a fast
diode to decouple the base of the input transistor 03 from the output of
t l.e driver. Transistor Q4 is switched by 03. The collector of 03 is
connected to zener diode D3 at ZOV while its base is driven from 30V re­
sulting in a forward operation of both transistor junctions. In this way
an accurate and low impedance reference voltage is supplied to the base
of output transistor Q5 when Q4 is turned on. In the off condition the base
of Q5 is clamped to ground potential by the collector of Q3 through the
base emitter junction of 04. As a result, pulsed power is applied to the
t r a ns m itte r at the rate of the frequency of the subcarrier oscillator which
is pas sed through at that time'

9
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C. The ':reU\E .1iHtr

No s c hemat i c of rh 'tea, s rn it te r , ~odel DG511. is ava i lable , It
was manufactur ed bI Sar-ders As s oc iate s and subsequently modified by
Systems Re search Lab., Inc. 3. The transmitter contains one transistor
2N5108. The tuning and a ntenna coupling circuit is a cavity in the col­
lector of the t r an s i sto r . .t~ tape in the cavity provides proper matching
to .thf> ;-.nr(.n;l~ Irnpedanc e ,

Upo > a~ ~ l ic..atiar of power the transmitter begins to generate a
frequency of 915 MHz and c e a s e r vvhe n the power is removed. A train
of ultra high frequency .b~u;;tR is transmitted, therefore, at the rate of
the subc t r r ie r trequpl"cy. }. video output is provided to observe the
demodulated VPF ,n an osc: ~lascope. Figure 8 is a photograph of the
transmitter and th» ant,erna,.

D. The Ante-una

Connected to 1'" tr al•s r- i~'et" output is a cavity-backed spiral
'iatenna, AEL Model No. <\Sl'l llSA, with circular polarization. This
type of ante-ina was .;:'.ose'. to minimize directional effects at the r e c e i ve r .

E. The 915 tc Lei,) MHz :-lawn-Converter

To match the conventionally used stimulator which is operated at
100 MHz a c cnver t e r was acquired. This unit is self contained and was
designed and manufactured by Systems Re s e a r ch Lab., Inc. 3. A photo­
graph of the converter is shown in Figure 9 and the circuit diagram in
Figure 10. The converter cons i st s of a mixer, a lccal oscillator and an
output stage. It is powersd br two 1. 4 volt mercury batteries of 500 mAh
which provide app r oxirnate l y 100 hour s of continuous operation.

The RF signal 15 r e c e i ve d by a s e miv c i rcula r antenna with an inside
diameter of 0.75 inch. A l oo se coupling into the stub-tuned oscillator

2Sandert: Associates, 95 Canal Street, Nashua, New Hampshire
3
Sy sterris Research Lab., Inc., 500 Wood .. Drive. Dayton, Ohio

-------~
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Figure 8. Transmitter and Antenna Working at 915 MHz
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provides the mixing of the incoming signal with the oscillator frequency
to an intermediate frequency of 100 MHz which is amplifiei in the third
transistor and connected to the input of the stimulator.

F. The Stimulator

Manufactured by Neurotronics4• it Is a self contained unit
operating from a 7 volt mercury battery. The stimulator receives
the 100 MHz signal from the converter. It separates the subcarrier
signals from the RF carrier and decodes the subcarrier signals into
channel and intensity information. The stimulator generates negative
pulses from a current source, i. e. the current amplitude is determined,
by the subcarrier signal, and is, within limits independent of the impe­
dance of the load. Currents of up to 2. 5 ma into a load of up to 10 K ohm s
can be generated. The unit is housed in an epoxy shell and potted in an
epoxy compound. A circuit diagram is n0t available.

4 Neurotronics, 72 South Turnpike Road, Wallingford, Connecticut
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