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EKG TELEMETRY BASE STATION 

BACKGROUND OF THE INVENTION 

The present invention relates generally to EKG and 
patient monitoring systems, and in more particularity to 
telephonic electrocardiogram monitoring. 

Transtelephonic EKG monitoring has become rou 
tine for patients with implanted pacemakers. Typically, 
such monitoring is short-term, and involves the patient 
contacting the physician by phone, and employing an 
EKG transmitter of the type described in US. Pat. No. 
4,151,513, issued to Menken et a1. Use of such device 
typically requires the patient to apply EKG electrodes 
to his or her body, and to subsequently couple the moni 
toring device to their telephone to allow for a brief 
period of monitoring. 
Long-term monitoring has typically been accom 

plished by means of a holter monitor, or similar device, 
which stored long sequences of EKG strips either on 
magnetic tape or in a digital memory as described in 
US Pat. No. 4,360,030 issued to Citron et al. With such 
systems, the physician typically does not have the abil 
ity to monitor the patient’s condition in real time. As 
such, when long-term real time monitoring is required, 
patients often must remain in the hospital. 

SUMMARY OF THE INVENTION 

The present invention provides a system which al 
lows for continuous long-term transtelephonic EKG 
monitoring. This system provides the bene?ts of long 
term EKG monitoring without requiring that the pa 
tient remain in the hospital. 
The system includes a patient worn EKG monitor 

and transmitter. This small, battery-powered device is 
worn by the patient during the intended period of moni 
toring, and provides an FM modulated EKG signal. In 
addition, the transmitter provides 2 KHz tone bursts 
superimposed over the EKG signal in the event of ei 
ther a sensed pacemaker spike, or the pressing of a 
patient alert button on the transmitter. 
The base station includes an FM receiver which re 

ceives the transmitted EKG and 3 KHz bursts. The base 
station includes an A/D converter and a modem, both 
under microprocessor control, and sends a digitized 
version of the EKG, along with the pacing spike and 
patient alert indicators to the physician’s monitoring 
station where they may be displayed and analyzed. In 
addition, the base station includes a telephone set which 
allows the patient to speak to the physician. 
The base station is designed to allow operation by a 

patient with a minimum of training. When the base 
station is initially powered up and coupled to the pa 

~ tient’s telephone line, it simply functions as a telephone. 
This allows the patient to contact the physician or the 
"physician to contact the patient in order to begin the 
monitoring procedure. Once the monitoring procedure 
has begun, the telephone is disconnected from the tele 
phone line, and the base station is coupled to the physi 
cian monitoring station by means of a 1200 baud 
modem. While coupled, operation of the base station is 
under control of the physician’s monitoring station. The 
base station may be instructed to couple the telephone 
to the phone line to serve an intercom function, to pro 
vide a calibration signal, to adjust the gain of the EKG 
signal, to transmit a measured pacing rate, and to per 
form various other functions. 
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2 
One important feature of the base station is that in the 

event the patient desires to contact the physician during 
EKG monitoring, the patient need only remove the 
hand piece of the telephone set and press a call nurse 
button. This will initiate a digital transmission to the 
physician’s base station indicating that voice communi 
cation is desired. While the base station waits for a 
response, it causes a simulated ringing signal in the 
earpiece of the base station telephone set. However, 
digital EKG transmission continues uninterrupted until 
and unless the physician elects to initiate voice commu 
nication and use the intercom function. Similarly, when 
the physician desires to contact the patient, although 
the telephone portion of the base station is not con 
nected to the phone line, a telephone ring occurs to 
signal to patient that voice communication is desired. 
This simulated telephone function is believed to be 
particularly bene?cial in that it is easily understood by 
and familiar to almost all potential patients. 
The structure and functioning of the base station is 

described in more detail in the following brief and de 
tailed descriptions of the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan drawing of the base station. 
FIG. 2 shows a plan drawing of the patient transmit 

ter. 
FIGS. 3A through 31 are schematic drawings of the 

circuitry within the base station. 
FIG. 3] is a schematic drawing of the circuitry within 

the patient transmitter. 
FIG. 4 is a state diagram illustrating the basic func 

tional operation of the base station. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 is a plan drawing of the telemetry base station. 
The base station 10 includes an external telephone 12 
coupled to the base station by means of a standard, 
modular telephone jack 14. This station also includes a 
telescoping antenna 16 which is coupled to the RF 
receiver within. On the front of the base station are a 
Call Nurse button 18 and two indicator lights 20 and 21 
which indicate that the unit is transmitting information, 
or that the Call Nurse button 18 has been pressed, re 
spectively. On the back of the unit, not visible in this 
drawing, are two standard modular telephone jacks, 
one of which is used to couple the base station 10 to the 
patient’s telephone line. 
FIG. 2 is a plan drawing of the patient transmitter. 

The transmitter 22 is intended to be coupled to three 
EKG electrodes by means of snap connectors 24, 26 and 
28, mounted to conductors 30, 32 and 34, respectively. 
The device includes a patient alert button 36 which the 
patient may press in the event that the patient perceives 
some cardiac abnormality or related sympton, such as 
shortness of breath, dizziness, etc. The device is battery 
powered, with batteries accessible to the patient via 
battery cover 38. 

In use, three EKG electrodes are attached to snap 
connectors 24, 26 and 28, and placed on the upper right 
chest, upper left chest and lower right chest, respec 
tively. The transmitter provides an FM modulated out 
put signal with a center frequency of about 216 MHz, 
around which the EKG signal is modulated. In the 
event that the device detects a pacemaker spike, a 10 
msec., 2 killocycle tone is sent to the FM modulator, 
and it is superimposed over the EKG signal. In the 
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event that the patient alert button 36 is pressed, a 60 
msec., 2 killocycle tone is provided to the FM modula 
tor within the transmitter, and is superimposed over the 
electrocardiogram signal. As will be discussed below, 
these three killocycle tones are digitized by the base 
station, and are distinguished by their differing dura 
tions. 
FIGS. 3A through 3I illustrate the circuitry within 

the base station. The circuitry is comprised of generally 
available integrated circuit chips, and is discussed in 
more detail below. For reference purposes, a parts list is 
provided following the written description of the cir 
cuitry. 
FIG. 3A illustrates the microcomputer chip 100 and 

its associated reset circuit. Timing functions are accom 
plished using a 6.00 MHz crystal 102. The power-up 
reset, which resets microcomputer 100 at either power 
up or a push-button reset via reset button 105, is con 
trolled by inverters 104, 106. Capacitor 108 charges via 
resistor 109 at power-up and holds the pin 36 (RESET 
IN) of microcomputer 100 low until it charges up, giv 
ing the internal circuitry of the chip enough time to 
reinitialize. Microcomputer 100 as illustrated is an Intel 
8085 processor chip. 
FIG. 3B illustrates the circuitry controlling the ad 

dressing functions performed by microcomputer 100. 
Microcomputer 100 has a multiplex bus in which the 
data lines and the low order address lines are multi 
plexed on pins 12-19, coupled to the data/address bus 
log 109. 

In order for the microcomputer 100 to operate, the 
address and data lines are separated out by latch chip 
110. Each address cycle, the low address lines are 
latched by latch chip 110 and coupled to the address bus 
112. Driver chip 114 increases the drive capability of 
the upper order address lines. Buffer chip 116 is used to 
increase the drive capability of the eight data lines from 
microcomputer 100 and is coupled to the data bus 118. 
NAND gate 120 enables buffer chip 116 only during 
memory read and write cycles. 

Selection of memory chips and memory mapped 
input/ output devices is done via decoder chips 122 and 
124. Both decoders 122 and 124 are one of eight line 

' decoders. Decoder chip 122 is used to select among the 
random access and read only memory chips (FIG. 3C). 
AND gates 126, 128 and 130 are used to further decode 
the addresses for the RAM and ROM chips. Decoder 
124 is the I/O decoder which accepts the high order 
address lines and divides them into individual banks of 
I/O addresses to enable input to and output from the 
various circuit chips. Resistors 132 and 134 are pull-up 
resistors to hold the read (RD) and write (WR) lines 
decoded by NAND gates 136 and 138 high between 
read and write cycles, a facility which the microcom 
puter 100 does not provide. Inverters 140 and 142 are 
hysteresis inverters which buffer and invert the RD and 
WR lines prior to driving NAND gates 136 and 138 
which in turn gate the RD and WR lines to the power 
up reset circuitry. NAND gates 136 and 138 ensure that 
during power down conditions when the RAM chips 
(FIG. 3C) are powered off of the internal battery (FIG. 
3H), no spurious red and write signals will be applied to 
the RAM chips. 
FIG. 3C illustrates Input/Output RAM and timer 

chip 144 and associated circuitry. This chip contains 
256 bytes of RAM, a l4-bit binary counter, and 212- 8-bit 
input/output port chips. The clock signal for the inter 
nal timer is provided by the clock out/pin 37 of mi 
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4 
crocomputer 100. The internal timer provides a 1.5 
MHz CLK signal on pin 8 which is used as a base timing 
signal through the rest of the circuitry. Port A including 
pins 21-28 of chip 144 is con?gured as an output port 
used to drive various I/O devices which will be dis 
cussed individually. Port B including pins 29-36 of chip 
144 is con?gured as an input port which is used to take 
various input signals and supply them to the microcom 
puter 100. Port C including pins 37-39, 1, 2 and 5 of 
chip 144 is used as an output port which again controls 
various functions of the circuitry. 
Timer chip 146 is a triple timer chip. This chip takes 

the CLK signal at 1.5 MHz and in turn creates three 
separate timing signals. A 20 Hz signal used for internal 
timing and also to control the ringing functions is pro 
vided on pin 17 of chip 146. A 300 Hz timing signal 
which is a 3.3 msec.interrupt for the microcomputer 100 
and is the basic analog sampling signal for the system is 
provided on pin 13. A 1 Hz timing signal is provided on 
pin 10 and is used whenever intervals of 1 second or 
more are required. Output of timing signals on pins 17, 
13 and 10 are controlled by pins 37-39 of I/O chip 144. 
Memory chip 146 is a read only memory chip. The 

socket for chip 146 is con?gured via a jumper block 147 
to be able to accept various types of read only memory 
chips including 8 K, 16 K and 32 K byte ROM chips. 
Real time clock chip 150 functions as a real time clock 
source. It is programmed and set by microcomputer 
100. Real time clock chip 150 employs its own 32.768 
Killocycle crystal source including crystal 152 and 
start-up capacitors 154 and 156 and maintains the real 
absolute time independently of whether or not the unit 
is powered. 
FIG. 3D illustrates chips 158, 160, 162, 164, 166 and 

168 which are 8 K by 8 random access memory chips. 
Chip 168 is the ?xed random access and temporary 
storage memory chip for the'entire system and is used 
for temporary storage of variables. The remainder of 
the random access memory chips are selected using 
output port lines PC3, PC4 and PCS from pins 1, 2 and 
5 of chip 144. 

In FIG. 3DD, LED’s 170 and 172 correspond to the 
power on and data transmitting indicator LED’s 20 and 
21 (FIG. 1). Power LED 120 is on whenever power is 
available in the unit. LED 172 is controlled by the AC 
TIVELITE line from pin 22 of I/O chip 144.and is 
turned on via driver transistor 174. Switch 184 is a 
momentary push-button switch with an integral light 
emitting diode 186 and corresponds to Call Nurse 
switch 18 (FIG. 1). The light emitting diode 186 is 
controlled by transistor 188, controlled by the CALL 
NURSELITE line from pin 21 of I/O chip 144. Switch 
184 is read by microcomputer 100 via pin 30, U0 chip 
144. 
FIG. 3E illustrates the telephone interconnect section 

of base station 10. Modem chip 200 is a self-contained 
1200 baud modem. This module functions as a complete 
Bell 212A and Bell 103A compatible modem which can 
be directly interfaced to a microcomputer bus, and also 
allows direct connection to a telephone line on the 
public switch network with pass through FCC registra 
tion. The modem chip 200 also has audio output and 
inputs to allow analog audio signals to be coupled into 
the phone line via microcomputer control. Modem chip 
200, as illustrated, is an XE 1203 modem chip manufac 
tured by XECOM, Inc., Milpitas, CA. 

Octal buffer chip 202 is used to buffer the data lines 
going into the modem 200 and to provide additional 
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digital drive capability and isolation. Buffer chip 202 is 
a bidirectional bus buffer allowing both reading and 
writing of data to the unit. Buffer 202 interfaces directly 
to the microcomputer 100 via multiplexed Address 
/Data Bus 109, and uses the chip select pin 38 to read 
and write. The hardware reset pin 39 is controlled by 
the XERESET line from pin 25 of I/O chip 144. This 
provides microcomputer 100 with hardware reset con 
trol of the modem 200. 
Jack 204 is the main phone line connection of the base 

station 10 to the external telephone line. Standard tip 
and ring connections are used. Pins 1 and 4 of the Jack 
204 are not connected. Inductor 206 and resistor 208 
and inductor 310 and resistor 212 are series components 
used for surge protection between modem 200 and the 
telephone line. These are standard telephone industry 
interconnect components. Jack 214 is a two conductor 
four position RJ type connection jack which is used to 
connect the internal circuitry to the external telephone 
12 (FIG. 1) mounted to the top of base station 10. Exter 
nal telephone 12 is not continuously connected to the 
telephone line, but is connected selectively to the tele 
phone line via relay 218 controlled by microcomputer 

20 

100. When relay 218 is unenergized in the normally . 
closed position, telephone 12 is connected directly to 
jack 204. This connection allows the base station 10 to 
function as a standard telephone set when the unit is 
unpowered or if it should lose power for any reason. 
Relay 218 is energized by transistor 220, controlled by 
the ELITERELAY line from pin 27, U0 chip 144. 
When relay 218 is energized, telephone 12 is discon 
nected from the telephone line and connected to relay 
216. Relay 216 in the normally closed position connects 
the telephone set to a pseudo ring circuit. The psuedo 
ring circuit is composed of transistor 224, resistor 226, 
and AND gate 228 and allows a simulated ringing 
sound to occur in the hand set of telephone 12. The 
pseudo ring circuit is controlled by the PSEUDOR 
INGER line from pin 23 of I/O chip 144. The patient 
hears a simulated ring back suggesting that the phone is 
ringing at the physician’s monitoring terminal. In real 
ity, only a digital control signal has been sent and EKG 
transmission continues across the telephone line. When 
the pseudo ring function is enabled by the PSEUDOR 
INGER line, the 20 Hz signal which originates at pin 17 
of timer chip 146 is applied to relay 216 by AND gate 
228 and thereby applied to telephone 12 via relay 218 
and jack 214. 
When relay 216 is in the energized position, telephone 

12 is disconnected from the pseudo ring circuit and 
connected via relay 218 to transformer 232. Trans 
former 232 is used to create a high voltage signal of 250 
volts AC which is used to ring the ringer inside the 
telephone 12. The ring signal is created via the 20 
HERTZ line from timer chip 146, gated with the RING 
THE BELL signal from pin 24 of I/O chip 144 through 
series of NOR gates 234, 236 and 238. The 20 Hz signal 
is fed to power FETs 240 and 242 which provide the 
primary drive circuit to transformer 232, the secondary 
of which creates the 250 volt ringing signal at 20 Hz 
which is provided to telephone 12. Telephone 12 will 
ring only when it is in the on hook position with the 
hook switch closed either in the cradle or with the hook 
switch depressed by the patient when holding it in the 
patient’s hand which is standard telephone set function. 
Jack 204 is coupled to the hook switch of telephone 12 
via optical isolator 250 which is powered through resis 
tor 252. When the telephone 12 is in the on hook posi 
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6 
tion and presents a high impedance, the signal out of 
optical isolator 250 is high. When telephone 12 goes off 
hook, it presents a low impedance and the signal from 
optical isolator 250 goes low. The signal on the ELI 
TEOFF hook line from optical isolator 250 is read by 
microcomputer 100 through pin 36 of I/O chip 144. 
A second jack 254 is provided which allows a second 

telephone line to be connected to the unit. In some 
clinical applications, the base station is used on two 
telephone lines simultaneously. Typically, in such an 
application, a 49 MHz full duplex cordless voice system 
is added to the unit. In this application, relay 218 is not 
installed in the unit and telephone 12 is continuously 
connected to Jack 204. In such application, connector 
256 would connect jack 254 to the 49 MHz cordless 
phone base circuitry and would provide power and 
ground voltages and a digital signal to control the hook 
switch. The hook switch control is provided by the 
AUXHKSW line coupled to pin 26 of I/O chip 144. 
When relay 218 is not installed in the unit, telephone 12 
is effectively isolated from all other circuitry except 
jack 204 and is not under any control of microcomputer 
12. 
FIG. 3F illustrates detection chip 258 and its associ 

ated circuitry. Detection chip 258 is a Teltone M981 
call progress tone detection chip which allows mi 
crocomputer 100 to assess the operating condition of 
the telephone line. An optical isolator 260 is used in 
parallel across jack 204 and processes the sounds which 
come across the line via resistors 262, 264, capacitors 
266 and 268, resistors 270 and 272, operational ampli?er 
274, resistors 276, 278 and 280. This resistor capacitor 
ampli?er network ampli?es and level shifts the signals 
coming from opto-isolator 260 and applies them to de 
tector chip 258. Detector chip 258 has its own 3.58 
MHz crystal 282, provides a ?ltering and selection func 
tion with four outputs which indicate receipt of call 
processing tones on line CPTONE 1, 2, 3 and 4. These 
outputs are available to microcomputer 100 via pins 
32-35 of I/O chip 144. This allows microcomputer 100 
to detect the presence of a 100 Hz call waiting tone 
which is typically sent across the phone line in pairs of 
two at 4 second intervals. When a call waiting feature is 
installed on the patient’s phone line, detector chip 258, 
in combination with microcomputer 100, circuitry al 
lows the detection of an incoming telephone call. The 
base station 10 can then notify the physician’s terminal 
and, on command of the physician’s terminal, allow the 
telephone 12 to ring and allow the patient to access the 
second incoming call. 
FIG. 3G illustrates the power supply circuitry within 

base station 10. Transistor 300 in combination with 
xener diode 302, resistors 304, 306 and 308, transistor 
360, diode 312 and battery 314 comprise the auxillary 
battery power for the real time clock chip 150 and the 
random access memory chips 158-168. In case of failure 
of the external power supply or if the unit is not plugged 
in, this network provides 2.7 volt battery voltage which 
preserves the data in the random access memory chips 
158-168 and keeps the real time clock chip 150 operatf 
mg. 

In FIG. 3GG, connector 316 is the main power con 
nector for the base station 10 and provides power to the 
main circuit board from an external power supply (not 
illustrated) which provide voltage of +12, + 5 and — 12 
V. Capacitors 318 and 320 are incoming ?lter bypass 
capacitors. Voltage regulator 322 is an adjustable regu 
lator which via resistors 324 and 326 is set to provide 
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the +9 volt power for the RF receiver circuitry (FIG. 
31). Voltage regulator 328 is a ?xed regulator which 
provides aiS V power supply for the digital circuitry. 
Capacitors 330, 332 and 334 are output bypass capaci 
tors for the voltage regulators 322 and 328. 
FIG. 3H illustrates the analog ECG processing cir 

cuitry of the base station 10. Connector 336 connects 
the main circuitry to the RF receiver circuitry (FIG. 31) 
which provides EKG and patient indicator signals to 
the main circuit. Connector 336 also provides the +9, 
+5 volt and ground power to the RF circuitry. 
The ECG processing circuitry is con?gured as two 

independent analog ECG channels with independent 
digitally programmable gain controls 338, 340 and an 8 
channel A/D converter chip 342. Each channel pro 
vides both ?ltered and un?ltered ECG signals to mi 
crocomputer 100 and thus four complete channels are 
capable of being processed by microcomputer 100. 
The demodulated analog EKG signal enters through 

ampli?er 344, capacitor 346, resistor 348, resistor 350, 
and capacitor 352. Capacitor 354 provides AC coupling 
and level shifting for the incoming signal. The incoming 
signal is typically a one volt peak to peak analog ECG 
level shifted at a positive 2% volts. Resistor 356 provides 
a set level shift to allow the output of ampli?er 344 to be 
referenced back to the 0 volt ground reference of the 
system. Chip 338 is a digital to analog converter chip 
con?gured as a digital gain control. Sixteen gain steps 
are provided. Gain control chip 338 connects directly 
to the Data Bus 18. Ampli?er 358 is the output ampli?er 
of the digital gain control section. Capacitor 360 and 
resistor 362 provide feedback and ?ltering. The output 
of ampli?er 358 is fed directly into the EKG 1 input (pin 
9) of the A/D converter chip 342, and fed simulta 
neously into a ?lter section which provides a 5 Hz to 50 
Hz ?ltered version of the signal through the network 
comprising ampli?er 364, resistors 366, 368, 370, 372 
and capacitors 374 and 376. The ?ltered ECG signal is 
provided to pin 2 of A/D converter chip 342. The resis 
tor network, comprising resistors 378, 380 and 382, 
provides various voltage taps into the unused A/D 
converter channels and allows sampling of the ECG at 
various amplitude levels. The alternate path from the 
pin 3 of connector 336 to pins 8 and 5 of A/D converter 
chip 342 is identical in function to the upper section 
described earlier. Ampli?ers 384 and 386 provide the 
voltage references for the A/D converter chip 342. 
Voltages of +5 and -2% volts are provided. The —2% 
volts is provided via resistor 388. Capacitor 390 is used 
to bypass the input voltage to ampli?er 384. Ampli?er 
384 is used as a unity gain noninverter buffer. Ampli?er 
386 is also a noninvcrting buffer and the + 5 V reference 
voltage is provided via resistor 392 bypassed by capaci 
tor 394. 
FIG. 31 illustrates the RF receiver section of base 

station 10. This receiver is a dual superhetradyne 217 
MHZ RF receiver which takes in the frequency modu 
lated signal from the patient transmitter unit 22 and 
provides the analog ECG output to connector 336 
(FIG. 3H). The circuit employs a telescoping RF an 
tenna 16 followed by an ampli?er 396 and ?lter section 
398 and a mixer 400 from its own internal ?rst oscillator 
402. Because the circuitry herein is conventional, no 
detailed description of its operation is believed neces 
sary. Local oscillator 402 provides a 57 MHz signal. 
The signal is fed to the FM demodulator 404 which has 
its own 10.245 MHz fundamental crystal source 572 and 
a 455 KHz local oscillator. In conjunction with its ex 
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8 
ternal components, demodulator 404 demodulates the 
FM signal and produces a data out signal which con 
tains the analog ECG signal with 2 KHz patient alert 
signals and pacer spike signals superimposed. The data 
out signal is fed to a ?lter section 405 including low pass 
?lter 406. Schmitt trigger 408 produces a TTL compati 
ble signal on output 410. Low pass ?lter 406 separates 
the ECG signal (0-200 Hz) from the 2 KHz spike/pa 
tient alert signals. ECG signals on line 411 are provided 
to pin 1 of connector 336 and the spike/patient alert 
signals are provided to pin 9 of connector 336. 
FIG. 3K illustrates the circuitry of the transmitter 22 

which the patient wears. Operational ampli?ers 412, 
414 are used as a dual differential ampli?er which ampli 
?es a signal from the two patient electrodes 418 and 420. 
The electrodes are bypassed to ground by capacitors 
422 and 424. Ampli?ers 412, 414 are used as unity gain 
buffers which are then fed into ampli?er 426 which 
provides an overall gain of 20. The ampli?ed EKG 
signal from each electrode is fed in parallel to a Med 
tronic 180297 Teletrace TM chip 428 manufactured by 
Micro-Rel, Inc., Tempe, Ariz., which is used in this 
application simply as an EKG spike detector. The cir 
cuitry andoperation of this chip are similar to that de 
scribed in US. Pat. No. 4,226,245, issued to Bennet, and 
incorporated herein by reference in its entirety. Chip 
428 has internal circuitry which provides ampli?cation 
and edge sense triggering and provides an output at pin 
14 when a pacemaker spike is present on the skin. Am 
pli?er 430 provides the drive current to the reference 
electrode 432 of the unit which is the algebraic sum of 
the signals created on two electrodes 418 and 420 and is 
used to drive the patient’s skin to a common reference 
voltage to increase common mode rejection. The ampli 
?ed ECG out of ampli?er 426 is fed to an additional 
ampli?er 434. This unit level shifts the ECG signal and 
drives the RF oscillator circuit via diode 436. The trans 
mitter circuit uses a 70 MHz crystal 438 in conjunction 
with a tank oscillator 440 and provides frequency mod 
ulated signals centered about 216 MHz. Ampli?er 442 
provides a reference voltage for the system. A 560 mi 
croamp constant current diode 444 is used via the feed 
back loop of ampli?er 442 and provides a regulated bias 
supply for the FM transmitter section. This circuit pro 
vides constant transmitter modulation and output re 
gardless of the internal battery voltage. 
The output of the pacing spike detector chip 428 is 

fed through NOR gates 446 and 448 which are con?g 
ured as a one-shot and provide a 10 msec. squarewave 
signal. This 10 msec. squarewave is fed into the EKG 
path via counter 450. If a pacing spike occurs, counter 
450 is started and a 10 msec. burst of 3 KHz is sent to the 
FM modulator. When the patient alert button 452 is 
pushed, a minimum 60 msec. burst of 3 KHz is provided 
to the FM modulator. The two signal sources are inter 
locked by NOR gates 454 and 456 such that a pacing 
spike via NOR gates 446 and 448 shuts off automatically 
at 10 msec. The patient alert button 452 uses a separate 
output path and oscillates for the 60 msec. period of 
time, providing absolute differentiation between pacer 
spike outputs and patient alert button pushes. 

COMPONENT LIST 

Integrated Circuits Type 

100 80C85 Microprocessor 
lO4,l06,l40,l42 74HC14 Inverters 
120,136,138 74HC132 Hysteresis NAND Gate 



4,751,726 
9 10 

-continued -continued 
COMPONENT LIST COMPONENT LIST 

126,l28,l30,228 74HC08 AND Gates 608 .047 uH 
llo 74I-ICT573 Oetal Bus Driver 5 510 .035 ul-I 
114 74HCT541 Octal Bus Driver Transformers T B 
116,202 74HC245 Octal Buffer yp 
122,124 74HC138 Decoder 538 10 MHz IF (Green) 
144 8IC55 I/O RAM Timer 588 455 KHz IF (Yellow) 
146 82C53 Timer . 
148 27C256 ROM 10 Reslstors Value (ohms) 

158,l60,l62,l64,l66,l68 TC5565 RAM 109 15K 
150 MM58167 Clock l32,l34,176,l78,182,192 10K 
200 XE1203 Modem 180,190 270 
258 M981 Detector 145, 147, 149,155,230,226 10K 
234,236,238,446,448,454,456 74HC02 NOR Gate 247,222 2K 
274,344,358,364,384,386 CA3240 Ampli?er 248,244,237,252,368,370,556 10K 
250,260 LDA200 Opto-Isolator 15 246,514 120 
338,340 AD7524 D/A Converter 284,264,262,263 5K 
328 LM320 Regulator 276,270,272 499K 
322 LM317 Regulator 278 57.5K 
342 AD7581 A/D Converter 280 49.5K 
4l2,4l4,426,430,434,442 8023 Ampli?er 203,204 22 
740,742,744 7631 Ampli?er 20 356,388,392 20K Adjustable 
450 CD4060 Counter 357 180K 
404 MC3359 Demcdulator 350 7.5K 

Transistors Type 174,l88,220,235,300 2N2222 366 39.2K 

224,310 2N2907 25 372 22K 
240,242 4Nl5 378,380,382 300 
506 3N2ll 308 10K 
530 3N2l2 304 1K 
553 2N918 306,336 467K 
612 2N2857 326 1K Adjustable 

Diodes Type 30 324 120 
500,507 i746 67X 384 100K 

107,233,253,312,7l2 1N4148 s34,542,544,548,592 100 
444 1N529l 566 470 
436 lN832 596 51K 
302 LM103 - Zen“ 602,557 200K Adjustable 

719 1N914 35 626,638,644 470K 
Capacitors value 628,636,656,666,670,654 8.2 M 

630 62K 
108,334 22 HF 623,646,650 91K 
154,156 200 PF 656,664,720,722 100K 
226,268,604,726,728,730,734 .001 uF 676,674 “UK 
265 1 “F 660,694 10K 
3154 22 HF 672 56K 
346,352,390,394,318,320,580, .1 uF 682,686 75K 
582,738 690,724 47K 
360 .015 uF 702 20K 
374,376,332 .33 uF 704 270K 
330 590 47 uF . 2. 

504,518,532,536,552,568,620, .01 uF 45 zgg’n‘i’né?s $3 
62684 714 1.8 M 
508 1.8-6 uF Adjustable 716 1'5 M 
512,554 2.8-12 uF Adjustable 718 8'2K 
516 .01 uF 
522 33 pF 
524,554 2.8-12 pF Adjustable 50 
546 5 PF DETAILED FUNCTIONAL DESCRIPTION 
560,614,736 68 pF _ _ 
570 9-50 pF Adjustable The operatlon of the telemetry base stat1on can most 
5;‘; 15° "F conveniently be described in terms of a ?nite state ma 
:86 688 700 678 595 (320“; chine. FIG. 4 illustrates the various functional states of 
59g:630:692' ’ _1 “F 55 the machine, and summarizes the conditions for chang 
592 10 mF lng from one state to another. Understandlng of the 
2% 3-12 PF Adlumble functioning of base station 10 may be facilitated by 
616 is; . referring to FIG. 4 in conjunction with the following 

pF Adjustable . . . . . 

624 100 PF detalled descrlptlon of the states and transltlons be 
634,652,648 .47 uF 60 tween states of the base station. The function of the base 
222,225 688 “2,33 SF station in each state, as well as the conditions for chang 
424’422‘732 ‘1,20 5F ing states and the operations involved in changing states 
668' ' 58 up are all controlled by the program stored in the read only 
Inductors value memory 146 (FIG. 3A). The source code for the pro 
206 210 10 H 65 gram stored 1n read only memory 146 18 set forth below. 
520' 02:11}, The program as set forth is written in Pascal and in 
550 _1 “H assembly language. Qompilaton and assembly of the 
564,618 .47 ul-I program for loadlng 1nto read only memory 146 is ac 
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complished via a Hewlett-Packard 64000 Microcom 
puter Development System. 

STATE X 

State X, as illustrated in FIG. 4, is the initialization 
state. During the initialization procedure, all interrupts 
to microcomputer 100 are disabled. The U0 chip 144 is 
then started up, and the output states of gates PCO, PCI 
and PC2, at pins 37—39, are set to control the operation 
of timer chip 146. Timer chip 146 is then set to provide 
a 300 Hz (3.3 msec.) signal on line INT 75 which func 
tions as the basic sampling frequency signal and is pro 
vided as an interrupt to the microcomputer 100. In 
addition, timer chip 146 is programmed to provide a 20 
Hz signal on the 20 HERTZ line from pin 17. This 20 
Hz signal is used for a variety of functions including as 
a clock input to pin 9 of chip 146. Subsequently, the 
input latch (pin 7) to microcomputer 100 from interrupt 
line INT 7.5 is reset, and the interrupt function of this 
latch is masked. All other interrupts are enabled. Fol 
lowing this, timer chip 146 is set to provide a one sec 
0nd time out signal on line INT-55 (pin 10). This one 
second interval is used to time all intervals measured in 
multiples of one second. Following set-up of the timing 
intervals, the variables RING NURSE, FT CALLING, 
and PT GAVEUP are all set false. The ampli?er gain is 
adjusted to an initial setting by gain control 338, the 
Call Nurse light is turned on, and NEXT STATE is set 
to A. 

TRANSITION TO STATE A 

Upon determining that the NEXT STATE=A, and 
that STATE, indicative of the present state of the ma 
chine, is not equal to A, the transition to state A begins. 
This transition begins by turning on Active light 172, 
and turning off the Call Nurse light 186. In addition, the 
one second timer is set to time a period of one second. 
After this one second interval, reset of the modem chip 

I 200 begins. 

Reset of the modem chip 200 includes hanging up the 
internal phone hook within the modem 200, and subse 
quently setting the modem to operate in an asynchro 
nous data transfer mode, with parity disabled. In this 
mode, the modem provides lO-bit asynchronous signals 
consisting of a ?rst start bit, eight data bits, and a final 
stop bit. The 8-bit data words may signify an amplitude, 
if the modem 200 is transmitting digitized EKG signals, 
or may be a command or indicator code. Finally, the 
modem 200 is enabled to receive and transmit data by 
entering appropriate commands through pins 27-34. 
Following the reset of the modem 200, the Call Nurse 
light 186 is turned on, and the Active light 172 is turned 
off. 

Next, the telephone 12 coupled to the base station via 
phone jack 214 is coupled directly to the telephone line 
jack 204 by means of relay 218. Subsequently, the one 
second interrupt via line INT 5.5 to pin 9 of microcom 
puter 100 is masked. The PSEUDORINGER, RING 
THE BELL, and RING RELAY lines from UC chip 
144 are then all set low, disabling the ringing and 
pseudo ringing functions. The RING STATE, 
MODEMCONNECTFAIL, MODEMCON 
NECTED, and SPIKEENABLED variables are all set 
false. The Call Nurse light 186 and Active light 172 are 
then turned off and STATE is set to equal NEXT 
STATE. The base station 10 has now entered state A. 
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STATE A 

In state A, the base station 10 merely waits and 
checks to see whether the variable ELITEOFFHOOK 
is true, indicating that the external telephone 12 has 
gone off hook. If the external telephone 12 goes off 
hook, the NEXT STATE is set to “O”, which begins the 
transition to state 0. Telephone 12 is coupled directly to 
the phone line and functions normally. 

TRANSITION TO STATE 0 

During the transition to state 0, a time period of 
twenty seconds is initiated, and interrupt port RST 5.5 
(pin 9) of the microcomputer 100 is unmasked to allow 
counting of the one second interrupts from timer chip 
146. The STATE is set to equal NEXT STATE vari 
able, and the device enters state 0. 

STATE 0 

During state 0, the twenty-second timer functions by 
decrementing SECONDS LEFT by one with each one 
second interrupt from timer chip 146 on line INT 55. 
During state 0, the variables ELITEONHOOK which 
is true when the telephone 12 is on hook, CALL 
NURSEPRESS, which is true when the Call Nurse 
button 184 is pressed, as well as SECONDSLEFT are ' 
all monitored. If telephone 12 goes on hook prior to 
either the Call Nurse button 184 being pressed or the 
time-out of the twenty second interval, NEXT STATE 
is set to “A”, and the transition to A, as described 
above, begins again. If either the Call Nurse button 184 
is pressed or the twenty second interval times out (SE 
CONDSLEFT =0) prior to the telephone 12 going on 
hook, the NEXT STATE is set to “C”, and the transi 
tion to state C begins. 

TRANSITION TO STATE C 

During the transition to state C, the 3.3 msec. inter 
rupt port, RST 7.5 (pin 7), of microcomputer 100 is 
masked. Subsequently, the command register of modem 
200 is reloaded to enable the receiver and transmitter 
therein . Modem 200 is then placed on hold and data 
buffer 202 is cleared. Modem 200 is then set to receive 

' and placed in DTMF receive mode so that it will recog 
nize DTMF codes as data. The variable WRITEENA 
BLED is set false, and STATE is set to equal NEXT 
STATE. The base station now enters state C. 

STATE C 

During state C, ELITEONHOOK is monitored. If 
this variable goes true, indicating that the external tele 
phone 12 has gone on hook, NEXT STATE is set to 
equal “A”. Otherwise, the Call Nurse light 186 goes on, 
and base station 10 waits for receipt of data from 
modem 200 indicating the receipt of a DTMF A tone by 
modem 200. The base station then continues to wait for 
the receipt of a DTMF B tone from the physician’s 
monitoring station. If the DTMF A and B tones are 
received in their proper order, NEXT STATE is set to 
“D”. Base station 10 will continue to wait for receipt of 
the properly ordered A and B tones until the external 
phone 12 goes on hook. As discussed above, if the exter 
nal phone 12 goes on hook, NEXT STATE is set to 
“A”, and the transition to state A, discussed above, is 
once again initiated. 
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