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14 
Variable resistor R I is used to adjust the voltage at the 
terminals of battery 74 to + 13.8 volts when a 11O-volt -continued 
AC power supply signal is presented at the input termi- ITEM DESCRIPTION QUANTITY 

nals of transformer TI. A battery charging voltage of Q4, Qs, Q6 Motorola 2N3904 
+ 13.8 volts permits each cell of battery 74 to be 5 Q7 Motorola 2N4123 
h d TI Hammond 166MI6 

c arge at a constant voltage of 2.3 volts. A regulated T2 Toroid, i U 00, 50T/260T, 
source of + 13.8 volts is thus available at pin 1 of con- #26 AWG 
nector P2 if a 11O-volt AC input. signal is presented at UI Fairchild uA78G 
the input terminals of transformer TI. If an AC input U2 Fairchild SHI605 . I U3 Motorola MCI4S5 
signa is not present then + 12 volts of unregulated 10 U4 Motorola 78Ll5 
power (derived from battery 74) is provided at pin 1 of Us Motorola 79LlS 
connector P2. Pin 1 of connector P2 is coupled to pin 4 U6 National LM324 
of connector P2, when switch 34 is in either "on" posi- _D,,:;3 _____ ..:..N;,;;a.::,tio:.:n;,:al:.,:L:;M.::..:..;1l:,:3:,;H:.-.. _____ ...:-__ 
tion, to supply power to other portions of the power 
supply circuit. 15 (b) Pressurizing Means 

Switching regulator U2 provides high efficiency step­
down regulation of the + 13.8 volt (or + 12 volt) supply 
signal to + 5 volts. The + 5 volt signal is used to power 
microprocessor 22 and its associated memories, as well 
as the analog to digital converter, timer, display drivers, 20 
indicator lights and audible alarm, all of which are here­
inafter described. 

Oscillator U 3 and transistors Q4, Qs and Q6 drive a 
step-up toroidal transformer T2 at 20 kHz. The second­
ary output of transformer T2 is rectified and regulated 25 
to ±15 volts by voltage regulators U4 and U5 respec­
tively. The ± 15 volt supply is used to power pressure 
sensing means 18 and its associated processor circuitry 
(hereinafter described). 

A quad operational amplifier U6 is used in a voltage 30 
comparator mede to provide "low battery", "power 
fail" and "battery shut-down" signals. A temperature 
compensated high precision reference diode D3 pro­
vides a voltage reference for the voltage comparators. 
. Variable resistor R2 is adjusted to shut off the driving 35 

signal presented by voltage comparator U6A to switch­
ing Darlington transistor Q3 if the voltage at the output 
terminals of battery 74 falls below the threshold of 10.2 
volts. Q3 will thus disconnect battery 74 to prevent it 
from completely discharging. Resistor R4 adds a slight 40 
hysteresis to avoid operating transistor Q3 in its linear 
region. ' 

Variable resistor R3 is adjusted so that voltage com­
parator U 6B will. produce a "low battery" output signal 
if the voltage across the terminals of battery 74 falls 45 
below a threshold of 11.4 volts. This signal is used to 
drive low battery indicator light 62 shown in FIG. 2 
and to provide a TTL logic level suitable for input to 
microprocessor 22. 

Voltage comparators U6C and U6D are used to de~' 50 
tect the ~bsence of the 110 volt externally supp1,jed AC 
power signal, to drive power fail indicator light 58 
shown in FIG. 2 and to provide a TTL logic signal 
suitable for input to microprocessor 22 as hereinafter 
described. . 55 

The following parts list provides details of compo­
nents used in constructing the 'power supply shown in 
FIG. 4. All resistors and capacitors not listed below are 
standard components with values as shown in FIG. 4. 

ITEM DESCRIPTION QUANTITY 
Circuit breaker Potter & Brumfield 

37-401-101 
01 Motorola MOA-9.70-21 I 
Battery Gate$ 2V, SA-h, 0800-0004 6 
02 Motorola INS402 I 
QI,Q2 Motorola MJE2955 2 
Q3 Motorola TIP 126 I 

60 

65 

In the preferred embodiment, pressurizing means 14 
comprises a WISA 12 volt D.C. airpump. This is a 
motor offset cam diaphragm pressure generator which 
operates from a 12 volt D.C. power supply. The pump 
is capable of generating a maximum cuff pressure of 
about 600 mmHg. It has been suggested that cuff pres-
sures no greater than about 400 mmHg should be ade­
quate to maintain a bloodless surgical field. [See: L. 
Klenerman and G. H. Hulans, Tourniquet Pressures for 
the Lower Limb, J. Bone Joint Surg .• 6lB:124, 1979; 
and, R.. Sanders, The Tourniquet: Instrument or 
Weap~m? Hand. 5:119-123, 1973]. 
(c) Pressure Relief Means 

In the preferred embodiment, pressure relief means 
16 comprises a Clippard EVO-3-12 electronic valve. 
This is a normally open, 3-way poppet valve having a 
poppet travel of 0.010 inches, pressure range of 0-105 
psi, air flow of 0.5 cfm. at 100 psi., and a response time 
of 5 ms.at 100 psi. A + 12 volt DC signal is used to 
actuate the valve which consumes about 0.65 watts . 
(d) Pressure Sensing Means 

In the preferred embodiment, pressure sensing means 
18 comprises a National Semiconductor LX1702GN 
electronic pressure transducer shown at 88 in FIG. 6B. 
Cuff 10 is coupled via hose 20 and port 56 (FIG. 2) to 
the inlet port of pressure transducer 88. Pressure trans-
ducer 88 produces an output voltage in the 2.5-12.5 volt 
range which corresponds to pressures of 0-760 mmHg. 
Three amplifiers 90, 92 and 94 (FIG. 6B) of a National 
Semiconductor LM324A quad operational amplifier 
shift and scale the transducer output voltage into the 
0-5 volt range for presentation to analog to digital con­
verter 84 which may be seen in FIG. SA. In the pre­
ferred embodiment, analog to digital converter 84 is a 
National Semiconductor ADC0816 integrated circuit. 

The pressure transducer output voltage should be 
calibrated) after the device has been powered in the 
"normal" mode of operation for about 5 minutes. With 
a cuff pressure of 0 mmHg (achieved by disconnecting 
hoses 12 and 20 from cuff 10) variable resistor Rs (FIG. 
6B) is adjusted so that the output voltage of operational 
amplifier 92 is within 0.010 volts of 0.000 volts. The cuff 
pressure should then be increased to 300 mmHg (by 
using "T" adaptors to connect pressure transducer 88 to 
an external pressure source and to a pressure gauge 
having an error of less than 1 %) and variable resistor 
R6 adjusted so that the output of operational amplifier 
92 is within 0.010 volts of 2.930 volts. 
(e) Microprocessor and Digital Circuitry 

For clarity of illustration, the microprocessor and its 
related digital circuitry are shown separately in FIGS. 
SA through 5E. FIG. SF illustrates the manner in which 
the circuit segments in FIGS. SA through 5E are ar-
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-continued 
5X Timer Gate (Timer 86) 

where "X" denotes any value 
The remaining 5 lines of system bus 83 carry timing 

information between microprocessor 78 and the other 
electronic devices with which it must communicate. 

ranged for proper circuit interconnection. In the pre­
ferred embodiment, the circuit segments shown in 
FIGS. SA through SC are placed on a single circuit 
board termed a "processor board". The circuit seg-' 
ments shown in FIGS. SD and SE are placed on a sec- S 

ond circuit board termed an "expansion board". The 
processor and expansion circuit boards are connected 
together with the connectors shown in FIGS. SB and 
SE. Hereinafter, FIGS. SA through SE are collectively 
referred to as "FIG. 5". 

The control/display circuitry is shown in two sepa­
rate FIGS. 6A and 6B. FIG. 6C illustrates the manner in 
which the circuit segments of FIGS. 6A and 6B are 
arranged for proper circuit interconnection. Hereinaf­
ter, FIGS. 6A and 6B are collectively referred to as 15 
"FIG.6". 

\0 The reset line provides a signal to reset all devices con­
nected to system bus 83 whenever the power is turned 
on. The RD line is used by microprocessor 78 to indi­
cate that it expects to read data on lines AD' through 

The microprocessor which regulates cuff pressure, 
drives the displays, etc. is an Intel 8085A microproces­
sor, shown at 78 in FIG. S. Three Intel 27324KX8 bit 
electronically programmable read only memory 20 
("EPROM") integrated circuits shown at 82A, 82B and 
82C in FIG. 5 store the logic programs defining the 
sequence of operations by which ,microprocessor 78 
controls .thepneumatic to~rniquet. An Intel ~155 inte- 25 
grated CIrcUIt ("I/O DeVIce") shown at 80 In FIG. 5 
provides 3 input/output ports and a timer. Although 
this integrated circuit has 256 X 8 bits of random access 
memory ("RAM"), this memory is not used. A 2K X 8 
bit RAM 81 comprising an Intel 4802 integrated circuit 30 
serves as a "scratchpad" memory in which volatile data 
is stored. EPROMs 82A through 82C are defined to 
contain memory addresses 0000 through OFFF (hexa­
decimal), 1000 through 1 FFF and 2000 through 2FFF 
respectively. RAM 81 is defined to contain memory 35 
addresses 4000 through 4FFF (note that since RAM 81 
has only 2K capacity, each memory address location is 
repeated twice. For example, "4000" addresses the same 
memory location in RAM 81 as "4800"). 

AD7, while the WR line is used by microprocessor 78 to 
indicate that it is sending out data on lines AD' through 
AD7. The ALE line provides a signal to indicate 
whether lines AD' through AD7 are carrying address 
information or data. 

A 6.144 MHz quartz crystal oscillator 116 (FIG. 5) 
serves as the master clock for microprocessor 78. The 
clock frequency is halved by microprocessor 78 to pro-
vide a 3.072 MHz signal at the "CLK" output of micro­
processor 78 which is in turn presented to I/O Device 
80. An internal timer provided on I/O Device 80 di­
vides the "eLK" signal frequency by five to produce a 
614.4 KHz signal which is in turn presented to analog to 
digital converter 84 and to timer 86. (The CLK fre­
quency is divided because the integrated circuit timer 
used in the preferred embodiment is only able to handle 
signal frequencies of less than 2 MHz). Timer 86 (an 
8253 integrated circuit) produces a 50 Hz output signal 
which is connected to the interrupt line of microproces­
sor 78. Thus, the operation of microprocessor 78 is 
"interrupted" at a 50 Hertz rate. The action taken by 
microprocessor 78 upon occurrence of each interrupt is 
hereinafter discussed 'under the heading "software". 
Timer 86 also produces a 4800 Hertz output signal 
which is used to clock Intel 8251 serial communication A 30 line system bus 83 is used to pass information 

between microprocessor 78 and the other electronic 
devices with which it must communicate. Data and 
address information is passed in 8 bit multiplexed format 
on lines ADO through AD7. Lines AO to All are used 

40 interface 85 (FIG. 5) at 300 baud. Serial communication 
interface 85 receives information in serial format from 
blood pressure sensing means 15 and re-assembles that 
information in8 bit parallel format for transmission to 
microprocessor 78:00 lines AD' through AD7. Serial 
communication interface 85 also receives information 

to pass a 12 bit address in the range 0000 to OFFF (hexa- 45 
decimal). Lines A12 through AIS and the 10/M line 
provide a further 5 bits of addressing information to two 
Intel 8205 memory select integrated circuits, 97 and 
100. The IO/M line activates memory select I.C. 97 if 

from microprocessor 78 which it assembles into serial 
format for transmission to' printer 27. 

an input/output device is being addressed, and activates 50 
memory select I.C. 100 if a memory device is being 
addressed. By decoding the information presented on 
lines AU through AlS, memory select I.C. 97 is able to 
identify which of timer 86, I/O Device 80, analog to 
digital converter 84, switch and display interface 96, or 55 
serial communication interface 85 is to be addressed. In 
similar fashion, memory select I.C. 100 decodes the 
information on lines AU through AIS to identify which 

Address latch 98 (which is an Intel 8212 8 bit latch 
integrated circuit) demultiplexes the address informa­
tion o'n lines' AD' through AD7 for presentation to 
system bus 83 on lines A' through A 7. This information 
is'required by EPROMS 82A, 82B, 82C and RAM 81, 
since these devices require non-multiplexed address and 
data information. 

The scaled 0~5 volt output of pressure transducer 88 
is presented to analog to digital converter 84 at its input 
terminal INO. Microprocessor 78 is programmed as 

of EPROMS 82A, 82B, 82C, or RAM 81 is to be ad­
dressed. 

The input/output device addresses are defined as 
follows: 

0X 
IX 
2X 
3X 
4X 

I/O Device 80 
Switch and Display Interface 96 
Analog to Digital Converter 84 
Serial Communication Interface 85 
Timer Select (Timer 86) 

60 hereinafter described to apply approprillte signals at the 
"start" and "ALE" terminals of analog to digital con­
verter 84 to cause it to convert the pressure transducer 
output, signal from analog to digital form. The 8 bit 
digital result is passed from analog to digital converter 

65 84 on lines ADO~AD7. Signals generated by front panel 
switches 42, 46, 48, SO, 52 and 60 are passed from the 
control/display circuitry (PIG. 6) to switch and display 
interface 96 on lines RLO through RL 7 as follows: 



LINE 

RLO 

RLI 
RL2 

RU 

RL4 
RL5 

RL6 

17 

SIGNAL 

Switch 50 
Time "elapsed" or "set" 
Switch 52 
Time "increase" or "decrease" 
(2 bits) 
Switch 46 
Pressure "sensed" or Uset" 
Switch 48 
Pressure "increase" or . 
"decrease" (2 bits) 
Switch 42 
"on" or "reset" 
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volt drive signal to pressurizing means 14. Transistor 
115 is an MJ2955 in the preferred embodiment. 

The "normal" or "self test" mode status signals ap­
pearing on lines P A6 and P A 7 respectively of I/O De­

S vice 80 are coupled to indicator lights 44 and 36 respec­
tively via another 75451 peripheral interface driver 110 
as shown in FIG. 6. 

Switch and display Interface 96 is an Intel 8279 dis­
play/keyboard interface controller integrated circuit 

10 which reads the status of the switches on user control 
panel 26 and also handles the formatting of information 
appearing in displays 38 and ~O. Microprocessor 78 
converts the "pressure" or "time" information to be 

RL7 Switch 60 
"inflation start" displayed into a BCD format which is passed to switch 

-------------------- 15 and display interface 96. The BCD digits representing 

I/O Device 80 generates signals for triggering the 
various alarms, activating pressurizing means 14, pres­
sure relief means 16 and the front panel indicator lights, 
and also reads in information from switches 30 and 34 20 
and from the power supply. These signals are conveyed 

"pressure" are then passed on lines OAO through OA3 
from switch and display interface 96 to a National Semi­
conductor DS8858 BCD to 7 segment decoder/driver 
104 (FIG. 6); which passes the decoded 7 segment infor­
mation' tO'display 38. The BCD digits representing 
"time" 'ilrepassed in similar fashion on lines OBO 
through OB3 froin switch and display interface 96 to as follows on lines PAO-PA7, PBO-PBl and PCO-PC4: 

OUTPUT SIGNALS FROM 
I/O DEVICE 80 

PAO 
PAl 
PA2 

PA3 
PA4 

PA5 

PA6 

PA7 

PBO 

PBl 

INPUT SIGNALS TO 
I/O DEVICE 80 

PCO 
PCl 

PC2 

PC3 

PC4 

SIGNAL 

audible alarm trigger 
time display ripple blanking 
pressure display ripple 
blanking 
not used 
activation signal for 
pressurizing means 14 
activation signal for 
pressurizing relief means 16 
activation signal for 
"normal" mode indicator 
light 44 
activation signal for 
"self test" mode indicator 
light 36 
activation signal for 
"adaptive" mode indicator 
light 32 ' 

'activation signal for 
"constant" ·mode indicator 
light 33 

SIGNAL 

AC power fail alarm signal 
low battery power alarm 
signal 
"adaptive"> position indicator 
for switch 30 
"constant" position indicator 
for switch 30 
"on arm" or "on leg" position 
indicator for switch 34 

The audible alarm trigger signal appearing on line 

display 40 via a'second decoder/driver 105. Switch and 
display interface 96 also generates an appropriate 3 bit 

25 ,signal on lines SO through S2 to determine which of the 
six individual display digits of displays 38 and 40 are to 
be activated. TheSO-S2 signals pass through a National 
Semiconducter DS8863 hex inverting buffer 106 (FIG. 
6) which absorbs sink current from the displays. As 

30 p1entiomid above, the "time" or "pressure" displays are 
caused to flash on and off when a pressure or time alarm 
is triggered. This is done by using the signals on lines 
PAl and P A2 to trigger the "ripple blanking" function 
of decoder/drivers 104 and 105. This function causes 

35 the displays to go blank if they are displaying a value of 
zero. Flashing is achieved by having microprocessor 78 
send zeros to switch and display interface 96 at regular 
interv~ls, while a(;tivating the PAl or P A2 lines. 

40 
IV. Software 

Appendix "A" to this specification is a source code 
listing for a computer program developed for the pre­
ferred embodiment. The' computer program is written 
in the "C" programming language. Although it is be-

45 lieved that the computer program listing, together with 

50 

, the comments embedded therein, should enable those 
skiIIed in the art to understand the operation of the 
computer program, a brief overview of the operation of 
the computer program isnow provided. 

Execution of the computer program begins with the 
routine named "_main". The "_main" routine calls a 
subroutine named "initialize" which initializes the vari­
ables and timers used 'by the computer program and 
which also resets the I/O ports to prepare them to per-

55 form their specific input or output functions. The 
"_main" routine then queues a startup message for print­
ing on printer 27 and then enters the self-test mode of 
operation. In the self-test mode displays 38 and 40 are 

P AO of 1/0 Device 80 is coupled to audible alarm 70 via 
National Semiconductor 75451 peripheral interface 60 
driver 112 as shown in FIG. 6. Audible alarm 70 is a 
SONALERT TM single tone audio alarm. 

caused to flash the numerals "888", audible alarm 70 is 
turned on and self-test indicator light 36 is illuminated. 
While in the self-test mode, the "_main" routine contin-
ually monitors reset switch 42. When reset switch 42 is 
depressed to the "reset" position, the self-test mode is 
terminated by turning off audible alarm 70, displaying 
the initial cuff pressure in display 38 and the numeral 
"0" in display 40, extinguishing indicator light 36 and 

The activation signals for pressurizing means 14 and 
pressure relief means 16 which appear on lines'PA4 and 
PAS respectively of I/O Device 80 are coupled to an- 65 
other 75451 peripheral interface driver 114 as shown in 
FIG. 6. The activation signal on line PA4 is used to turn 
on drive transistor 115 which, in turn, couples a 13.8 

flashing normal mode indicator light 44. The "_main" 
routine then waits for the operator to depress switch 60 
















































































