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ECG MODULE

INTRODUCTION

>

This area contains component information about the
ECG Module (also referred to as the EKG Module).
The singlewide module provides
electrocardiographic waveforms in either 3-electrode
(Model 7322) or 6-electrode (Model 7324)
configurations. The 3-electrode configuration
derives waveforms for leads |, II, or lll. It includes a
waveform cascade feature and can display one
waveform as the primary lead. The 6-electrode
configuration derives waveforms for leads |, II, 11,
AVR, AVL, AVF, VA, and VB.
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PHYSICAL
DESCRIPTION

>

When 4 electrodes are connected to the patient,
waveforms I, II, lll, AVR, AVL, and AVF are available
simultaneously to view and/or to record. When 5
electrodes are connected to the patient, waveforms |,
Il, 11l AVR, AVL, AVF, and a single V lead (chest lead)
are available simultaneously to view (maximum of 6
to display) and/or to record. When 6 electrodes are
connected to the patient, waveforms [, Il, lll, AVR, AVL,
AVF, and two V leads (chest leads) are available
simultaneously to view (maximum of 6 to display)
and/or to record.

Breath rate is calculated by measuring the thoracic
impedance between two electrodes. As the patient
breathes, the movement of the chest changes the
measured impedance to produce the respiration
rate.

Heart rate values are also calculated as straight or
weighted averages over the previous 5 or 10
seconds.

The temperature port of the module allows
continuous monitoring of patient temperature using
a YSI temperature probe.

As shown in FO-8B, the module consists of the
analog PWA, ECG/temp flex assembly, digital PWA,
defib sync flex assembly, card guides, and an
enclosure, including front and rear face plates and
other metallic hardware. The enclosure and front
and rear face plates are grounded metal. The front
and rear panels are held in place by long bolts,
running from end to end. Insulating guides hold the
circuit boards into position in the enclosure, and
provide insulation from the enclosure bolts.
Sidewall insulators, necessary to maintain patient
safety requirements, insulate the module wall.

Front panel connections include a _” stereo jack for
YSI 400 Series temperature probes, an ECG
connector compatible with the recommended ECG
cables, and a 3.5 mm stereo jack connector used for
defib sync.
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FUNCTIONAL
PRINCIPLES OF
OPERATION

Isolated Circuits

>

A functional block diagram of the ECG Module is
shown in FO-8A. The diagram is divided into
isolated circuitry and non-isolated circuitry. The
isolated circuitry includes the ECG flex connector
PWA, and either the 3-lead ECG Analog PWA 315-
547 (Model 7322) or the 6-lead ECG Analog PWA
315-548 (Model 7324). The isolated (ISO) interface
and DC-to-DC converter isolate this circuitry from the
non-isolated core logic.

The core logic provides communication between the
Module and the Monitor through the PNet
synchronous serial interface. It also controls data
acquisition and data processing functions for the
ECG monitoring channel.

Isolated circuits are shown in the top half of FO-8A,
sheets 1 and 2. ECG data is filtered by ECG front
end and amplified by differential amplifiers to provide
four outputs (ECG1 through ECG4) shown on sheet
1. These ECG signals are filtered by bandpass
filters and applied to the multiplexer.

The ISO control and power block serially reads ECG
data back to the CPU through the isolated interface.
An asynchronous communication channel between
the CPU and the ISO control is implemented with a
UART. Commands are decoded with control
converter U10, which sets the state of multiplexers
and switches in the isolated circuitry.

Temperature sensor circuits provide an excitation to
the YSI thermistors through a precision resistor
bridge. These signals are filtered and amplified and
sent to the A/D converter. Temperature is then
derived ratiometrically from these signals.
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Non-Isolated Circuits

>

The isolated interface shown on sheet 2 provides an
isolated asynchronous serial communication
channel between the non-isolated core logic CPU
and the ECG isolated front end.

Respiration circuits provide an AC excitation signal
through two electrodes. The signal is modulated by
thoracic movement during normal breathing. The
signal is then demodulated, amplified, and filtered,
and sent to the A/D converter, and breath rate is
derived.

The isolated power block, consisting of isolated +VAI
(+8V nominally), -VAI (-8V nominally), +5VI, -5VI, and
+5VID power supplies, provides isolated power to
the ECG Module and the sensor connected circuitry.

Non-isolated circuits are shown in the bottom left of
FO-8A, sheet 1 and the bottom half of sheet 2.
Functional blocks shown on sheet 2 include the
PNet interface, DC-DC converter, ISO power control,
reset/failsafe, 68302 CPU, 256Kx16 data memory,
256Kx16 program memory, the model and serial
number EEPROM, and logic analyzer/test interface.

Power (+12V and +5V), is received through J1. The
+12V is applied to the DC-DC converter, which
powers the isolated circuitry. 1SO power control
does not allow the DC-DC converter to power-on
until after the CPU is reset and shuts down the DC-
DC converter if a failsafe condition occurs.

The Module will not be damaged when plugged into
a live slot. Core logic power inputs to a Module are
limited to a peak inrush current during hot-plugging.
Within 2 seconds the Module will respond to
identification and wake up in a minimized power
state until registered with the system.



Main Menu | Modules Index | Table of Contents | Test Procedures

COMPONENT
PRINCIPLES OF
OPERATION

Isolated
Power Block

>

The PNet interface allows asynchronous and
synchronous data transfer between the core logic
and the external devices. Synchronous operation is
always used in MPS systems. Asynchronous
operation is for test and development only. The
reset/failsafe logic provides power-on reset,
processor reset and halt, and failsafes if a problem
occurs with the microprocessor. The
microprocessor controls and transfers data within
the core logic. The program memory is a FLASH
device that can be loaded with program information
from the PNET interface or the logic analyzer
interface. Data memory temporarily stores status
and monitoring data for processing.

Schematic diagrams SC313-108, SC313-109,
SC315-546, and SC315-548 are here. The first
sheet of the SC315-546 schematic shows an overall
block diagram of the ECG Digital PWA. The first
sheet of the SC315-548 schematic shows an overall
block diagram of the ECG Analog PWA.

The isolated power block is shown on sheets 8 and
9 of ECG digital PWA schematic 315-546. Power
converter PM1 converts non-isolated +12V to
isolated +VS and -VS. This power is isolated for
patient safety requirements. U101, U102, and U103
on the digital PWA are the opto-couplers that provide
isolation for communications data and the clock.
PM1 is controlled by ISO_POWER_ON from the CPU
via Q103. This signal disables PM1 if a failsafe
condition occurs. The +VS and -VS (unregulated)
voltages from PM1 are filtered by L100 and applied
to regulators U105, U106, U107, U108, and U111.
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Isolated Control
Circuits

>

These regulators supply isolated power to ECG
analog PWA 315-548. The voltages are:

+5 VID for digital circuits

+5 VI for analog circuits

-5 VI, +VAI (+8 VDC), -VAI (-8 VDC)

Error outputs from positive regulators U105, U106,
and U111 are OR'ed together to provide PWR_OK. If
a power supply output drops 5% below the regulated
output, PWR_OK goes low, which causes the CPU
to shut down the isolated supply.

The isolated control circuits are shown on sheets 14
and 15 of ECG analog PWA schematic 315-548.
Field programmable gate array (FPGA) U103
contains the state machine, which provides an
interface between the isolated analog circuitry and
the main CPU on the non-isolated circuitry of digital
PWA 315-546. Communication is achieved through
a UART, which provides a full duplex asynchronous
serial communication channel between the CPU
and the isolated circuitry. On power up, the non-
volatile program data for the FPGA is loaded from
serial EPROM U105 into U103. After several
hundred milliseconds, the FPGA is configured and
ready to run. CLOCK for the state machine is a 5.9
MHz signal provided from the CPU via opto-couplers
located on the digital PWA.

Commands are sent serially (via opto coupler for
isolation) through DATA_IN. Data is sent back to the
CPU by DATA _OUT and is also optically isolated (on
the digital PWA).

The state machine responds to commands to
perform A/D conversions or to change the states of
multiplexers or switches. It provides the control for
the serial A/D interface, a 1.5 MHz clock to the A/D
(ADC_SCLK), and proper control signals AD_CNVST
to initiate a conversion.
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ECG/RESP
Inputs

>

Digital signals are also read back on command to
provide the CPU with status information. Board
configuration (single lead, part number 315-547 or
multi lead, part number 315-548) is determined by
the PWA_CFG bits located on sheet 15 of analog
PWA schematic 315-548, and provided to the CPU
on command. Pacer detection status is another
status that the CPU monitors.

The state machine also derives the respiration clock
signals (RESP_CLK and DM_CLOCK) and switched
capacitor filter clock (LPF_CLK) as divided down
versions of the main 5.9 MHz clock.

Three lead (3-electrode) and six lead (6-electrode)
cables are available for ECG. The 3-electrode cable
provides a single lead configuation with Leads I, Il or
[Il available. The 6-electrode cable provides multiple
leads with up to 8 leads available: I, II, lll, AVR, AVL,
AVF, VA and VB. The 6-electrode cable may be used
with 3, 4 , 5, or 6 electrodes. (Refer to the EKG
section of the Operation Manual for a description of
which leads are available with the number of
electrodes connected.) In single lead (3-electrode
cable), signals RA, LL, and LA are used. In multi
lead (6-electrode cable), signals RA, LL, LA, RL, C1,
and C2 are used.

The cables recommended by JJMI are shielded and
provide 1k ohm series (safety) resistors internal to
the cable which is part of the current limiting
defibrillator protection circuitry.

The signals are input to the flex PWA 313-108. Gas
surge arrestors located on the PWA provide lead-to-
lead defibrillator protection. In addition, a passive
R/C network located on this PWA provides the first
stage of high frequency filtering for EMC and ESU
interference rejection.
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RESP Input

ECG_RESP_INPUT

>

The signals are then applied to analog PWA (part
number 315-548 for multi lead, or part number 315-
547 for single lead) via J101.

The RESP input is shown on sheet 10 of ECG
analog PWA schematic 315-548. Of the ECG
signals, RA, LA, and LL are also used by the
respiration circuit. Respiration is achieved by
coupling an excitation signal (61.5 kHz, well outside
the bandwidth of normal ECG signals) onto two of
these signals. When respiration is using Lead I, the
excitation is coupled onto RA and LA. When
respiration is in Lead Il, the signal is coupled onto
RA and LL.

The excitation signal is coupled onto the EKG leads
through coupling capacitors C179, C180, and C200.
The coupling capacitors isolate the ECG signal from
being loaded down by the respiration circuit. Photo
relay U121 determines which lead is selected. T100
provides a differential excitation source. CR108,
CR112, and CR113 provide clamping protection for
transients.

The ECG_RESP_INPUT is shown on sheet 2 of
ECG analog PWA schematic 315-548. The ECG
signals are passively filtered by R/C network R314,
R315, R316, R372, R373, R374, C201, C257, C258,
C259, C221, and C222 at 5 kHz for interference
rejection of high frequency noise and ESU. Also, the
excitation signal for respiration signal is attenuated
and kept out of the ECG channel circuitry and pace
detection circuitry. Protection diodes CR114-116
and CR125-127 protect against transients during
both defibrillation and ESU events. R368 through
R371 and R310, R212, and R213 are light pullup
resistors which limit DC current through the
electrodes and are used to determine when an
electrode has become disconnected from the
patient.
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ECG Front End
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The ECG front end is shown on sheet 3 of ECG
analog PWA schematic 315-548. The filtered ECG
signals LA_FLT, RA_FLT, LL_FLT, RL_FLT, C1_FLT
and C2_FLT are buffered at U122 and U138 and
then multiplexed at U132 to be read by the A/D.
These signals are used to help determine which
electrodes are connected to the patient. These
signals (or sums of these signals in the case of
chest leads) are also differentially applied to the
instrumentation amplifiers U119, U126, U133, and
U134 with gains of X10, and create the first stage of
the four ECG channels.

The signals also generate a common mode nulling
signal by summing all the necessary leads at U127
and U136 for a given mode, inverting the sum, and
amplifying and applying the null signal at the
selected reference or driven signal at U137. The
signals selected at U127 to generate the common
nulling signal depend on which electrodes are
available and which mode the module is in - single
lead or multi lead.

Additionally, U128 provides the means to make ECG
instrumentation amplifier U119 selectable between
LEAD I, II, or lll. U135 and U122-8 provide the
means for applying various test signals to the ECG
channels and the pacer detection circuit. Signals at
U127-5,6,7 are also used in various test modes
using the Service Mode facility.
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Pace Detector

ECG Channel Filters

>

The pace detector and filter are shown on sheets 4
and 9 of ECG analog PWA schematic 315-548.
Pacer signals present on ECG waveforms are
detected by the pacer detection circuitry. Any of the 4
ECG channels (outputs of the instrumentation
amps) may be used to detect pacers. The channel
is selected at U125, sheet 4. When a paced ECG
waveform is present and pace detection is enabled,
the pace detector circuit will detect the presence of a
pacer pulse and blank the ECG channels during the
pacer pulse to suppress pacer spikes in the ECG
channels.

The detector on sheet 9 consists of a high gain
bandpass filter at U113 (200Hz to 5kHz) which
rejects both respiration excitation remnants, and 60
Hz and is sensitive mainly to waveforms with pacer
signals present. When a pacer pulse is present, the
output goes above or below the limits set by the
window comparator at U108 and causes
PD_TRIGGER to go true to indicate the presence of
a pacer.

When enabled, the detection of a pacer causes the
ECG channels to be blanked. This is achieved by
the opening of the channels at U124 and the
channel hold capacitors, C189,188, 165, 194
(sheets 5 through 8). The channels are blanked
during the entire duration of a pacer pulse.

ECG channel filters are shown on sheets 5 through
8 of analog PWA schematic 315-548. The circuits for
the ECG bandpass filters are duplicated for the four
channels on sheets 5 through 8. The description of
channel 1 (on sheet 5) is similar for the other three
channels.
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The bandpass filtering is achieved mainly through 8-
pole switched capacitor filter U110, which has a
cutoff at 115 Hz and through integrator circuit U111-
12,13,14, which strips off the DC component of the
ECG waveform. This is the MAIN anti-aliasing filter
for the ECG channels. (Sampling frequency in
normal use is 1200 Hz.) The cutoff frequency of the
swithed capacitor filter is determined solely from its
input clock frequency (LPF_CLK, 11.5kHz). This
clock signal divided by 100 gives the 115 Hz
lowpass response. The resulting frequency
response of the entire bandpass filter section is
approximately 0.05-115 Hz with a gain of 12. With
the earlier instrumentation amplifier stage this give
an approximate ECG channel gain of 120. The
filtering stage prior to the switched capacitor filter at
U111 provides low pass filtering and anti-aliasing
prior to the switched capacitor filter and has an
approximate 3dB point at 1kHz and a gain of 5. The
filtering stage after the switched capacitor filter at
U111-8,9,10 also has a 1kHz 3dB point for
eliminating any clock noise from the previous filter
stage and has gain of 2.4. Thus the X5 and X2.4
give the gain of 12 in this stage.

Q103 and R218 provide a means to quickly charge
the integrator stage (0.05 Hz high pass stage) to
reestablish a new baseline during lead switching or
new lead attachment. The output of the channel at
ECG1_OUT is then routed to main mux U102 to be
used by the A/D converter.
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Respiration
and Filters

>

The ECG respiration circuits and filters are shown
on sheets 10 and 11 of ECG analog PWA schematic
315-548. The respiration clock RESP_CLK controls
the analog switch U114 providing an excitation
signal of 61.5kHz from quiet reference U120 to buffer
U115, where it is filtered and then drives transformer
T100 where the signal driven differentially on the two
selected respiration leads RA_RESP and LA_RESP
or LL_RESP. RESP_LEAD_SEL selects the
respiration leads through U121 (LEAD | or LEAD lII).
DM_CLOCK, slightly off phase from RESP_CLK, is
used to provide a synchronous demodulator with
U114 and U115. The demodulator rectifies the
waveform and the signal is then filtered through a
bandpass filter (sheet 11) with a frequency response
of 0.1-5 Hz.

As the patient's chest rises and falls due to
breathing, the impedance of the chest typically
changes by several ohms. The excitation is a
constant current source so a change in impedance
causes a change in amplitude of the voltage which
is sensed at T100-1. Essentially the carrier
(excitation signal) is slowly AM modulated by thoracic
movement. The demodulation allows the slow
respiration signal to be detected. The filter
eliminates the 61.5kHz carrier signal and leaves the
respiration signal. The filter is implemented in
several stages at U109 with a total gain of x600.
RESP_OUT then goes to the main mux where it is
read through the A/D converter. Similar to the ECG
channel, Q102 allows the integrator to quickly charge
to a new baseline during lead switching and new
lead attachment.
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Temperature
Circuits

>

RESP_BL_OUT (respiration baseline) on sheet 10
is a signal derived from the diode-rectified carrier
(asynchronous demodulation) signal at CR111. The
impedance of the chest movement during breathing
is a small dynamic change of several ohms riding
on top of a relatively large impedance or baseline
(typically 100-2000 ohms). The RESP_BL_OUT
gives an indication of this baseline impedance. If
this signal becomes too large, it is an indication that
a respiration electrode has fallen off or is dried out
and has become too large of an impedance.

U114-2,9 and R152,C139, R196 and R236 and
Q104 provide the means to test the respiration
circuitry. Using the Service Mode facility, a test can
be commanded to run which uses these
components to stimulate the respiration circuit with a
dynamic impedance (approximately 10 ohms) that is
square wave in nature.

The temperature circuits are shown on sheet 12 of
ECG analog PWA schematic 315-548. The
temperature circuit is used to monitor YSI 400
series temperature probes. It works by determining
the ratio of the YSI probe resistance to that of a
precision reference resistor. This is accomplished
through a voltage divider circuit. An excitation voltage
(TEMP_EXC, 0.385 volts nominally) at U107-1, is
generated across the reference resistor (R154) and
the probe thermistor (in series with the reference
resistor). The excitation voltage and the voltage
across the thermistor are filtered and amplified with
a gain of 5.44 at U106, 107 and measured by the A/D
converter. The ratio of the reference resistor to the
thermistor resistor can be determined from the
measured voltages.
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Once the resistance of the YSI probe is determined,
the temperature is found, by means of a look up
table, from the thermistor's electrical resistance
versus temperature relationship. The electrical
thermistor data is provided by YSI.

Relay K100 allows a test resistor (R153) to be
switched in to verify the temperature circuitry. When
the relay is de-energized the excitation is applied to
the external probe at TEMP_HI. In the energized
state the excitation is applied to the test resistor.
The voltage at U106-9 at R153 is also monitored to
verify the correct operation of the relay contacts.

TEMP_HI and TEMP_RET via J101 reach the front
panel of the ECG module at the 1/4" stereo jack by
Flex PWA 313-108. This flex circuit contains bypass
caps which help filter out high frequency interference
in the temperature signal path.

At U106-7,-10,-11,-12, other inputs included are
scaled versions of the power supply voltages. The
voltages are sent to the A/D converter, and are used
to monitor the analog supply voltages. Using the
Service Mode facility, the self-test mode can be
initiated and resistor values and derived
temperatures can be observed.
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Multiplexer and
A/D Converter
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The multiplexer and A/D converter are shown on
sheet 13 of ECG analog PWA schematic 315-548.
These circuits sample analog ECG data and provide
this data serially to the CPU. EMUX, ECG1 through
ECG4, TMUX and respiration outputs are applied to
analog multiplexer U102. The multiplexer output is
selected by MUX (2:0), and the multiplexed output is
applied to buffer U100. This signal is clamped at +/-
5VI by CR100. The buffer output is applied to A/D
converter U101, which is clocked by ADC_SCLK_0
(1.5 MHz). The digital data (ADC_DATA) is clocked
out of the A/D converter serially by ADC_CLK and
sent to the CPU. The A/D converter also provides a
stable reference voltage (3.0V VREF) for the
temperature circuit on the analog PWA.
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Defibrillator
Synchronization
Interface
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The defibrillator synchronization interface is a non-
isolated signal input/output meant only for
connection to another medical device that is
compliant with UL 2601/IEC 601-1. Connection to a
non-compliant device could result in a safety risk by
exceeding current limits.

The defib sync connector provides an analog ECG
waveform output. It also accepts a synchronization
signal (marker input) from defibrillators that provide
this feature. If a synchronization signal is detected a
marker is placed on the primary lead waveform
displayed by the Monitor. The analog ECG waveform
signal is a high level (1V/mV) representation of the
primary lead.

The defib sync connector is a three-conductor 3.5
mm stereo jack that mates with a 3.5 mm stereo
plug (Shogyo SPY 1011, Shogyo SPY 1012, or
equivalent). Cable construction should be shielded,
3 conductor with PVC insulation or equivalent
insulating material.

Pin Out:

Tip Marker input
Ring ECG analog output
Sleeve | Signal return

ECG Analog output specifications, implemented with
10-bit DAC U104 and filter circuit of U110, on the
digital PWA:

Scale Factor 1V/mV
Output 1k ohm
Impedance/Short

Circuit Protection
Bandwidth 0.5 Hz-100Hz
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The sync marker input is compatible with the HP
defibrillators. The marker signal is active when the
input is driven below ground. A pullup resistor
allows this input to be driven by an open collector
output. The input must be driven below -1V to be
detected as a marker. The input is pulled up to +5V
by a 20k ohm resistor. Therefore, the output
impedance of the driving device must be such that
the input can be driven below -1V.

Marker input specifications, implemented at U100 on
the digital PWA:

Input Range +5Vto-12V
Trip Voltage Range | OV + 1V
Minimum Marker 10 ms
Pulse Duration

Protection diodes clamp any input to +5V on the high
side or to -12V on the low side. A 1k series resistor
limits current during any over voltage condition.

The stereo jack provides two shunting contacts for
sync cable detection. When a plug is inserted, the
contacts separate. One of these floating contacts is
used to sense a connected plug. CONNECTED-0
indicates to the CPU that a plug has been inserted
into the front panel connector.
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Isolated Interface

Core Logic
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Opto-couplers U101 and U102 shown on sheet 8 of
ECG digital PWA schematic 315-546 provide a full
duplex, isolated serial channel between the non-
isolated core logic and the isolated circuitry. The
isolated control block, located on sheet 14 of ECG
analog PWA 315-548 receives data through opto-
coupler U101 and transmits on U102. Opto-coupler
U103 transmits the baud clock, which provides the
5.9 MHz clock (ISO_CLK) to the Isolated Control
State Machine. Q100, Q101, and Q102 buffer the
signals to the opto-couplers. Q102 is pulled up to
+5V to speed up the rising edge of TX_ CLK.

The core logic is shown on sheets 2 through 6 and
sheet 8 of ECG digital PWA schematic 315-546. The
core logic provides communication between the
system host and the ECG Module through the PNet
synchronous serial interface. The Module is a 16-bit
version of the core logic with two 128K x 8 RAM and
two 128K x 8 ROM devices. The microprocessor
runs at 23.646 MHz.
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PNet Interface

The PNet interface, shown on sheet 2 of the
schematic, provides the following functions:

» RS485 diffeential drivers (U7 and U8) for serial
data and clock,

* Module select and presence detection (U2),

* Module synchronization.

Core signals are received on PNet connector J1
(sheet 1) with the following pin-out:

PIN NAME PIN NAME

1A,1B | +5V 6B M_SELECT
2A DATA+ 7A M_PRESENT
2B DATA- 7B TXOC-0
3A,3B | +3.3V 8A M_SYNC-0
4A CLK+ 8B -12V

4B CLK- 10A,10B | +12V

5A,5B | GROUND [ 1,2 GROUND

6A M_RESET

The ECG Module is designed to be hot-plugged, or
inserted and removed from powered systems.
Ground pins 1 and 2 are longer than the other
connector pins, thus they make first and break last to
protect circuitry. Protective impedance located on the
system backplane, in series with the Module’s +5V
and +12V power, limits inrush current during live
insertion. Also series impedance on PNet control
lines limits inrush current and protects logic devices
from excessive currents during a hot-plug power up.



Main Menu | Modules Index | Table of Contents | Test Procedures

>

The PNet protocol defines two modes of operation:
synchronous and asynchronous. The normal mode
of operation is synchronous, with half duplex
transmitted and received data on differential signals
DATA+ and DATA-. As shown on sheet 2 of the
schematic, the device transmitting the serial data
also generates differential clock signals CLK+ and
CLK-. Transceiver direction for data and clock are
controlled by the 68302 processor-generated TX EN-
0 (low true transmit enable) signal through U2. In the
synchronous mode, both data and clock transceivers
U7 and U8 are set to receive (i.e., transmit disabled)
when fail-safe signal FS-0 is asserted.

The alternate serial mode, full duplex asynchronous,
is entered by asserting processor generated control
bit ASYCH_EN. This mode transmits data onto the
differential signals CLK+ and CLK-, and receives data
from the differential signals DATA+ and DATA-. The
transmitter in the Module is disabled unless the
Module has been commanded to transmit per the
PNet protocol. The Module transmitter is immediately
disabled after the last character of a transmission
has been sent.

The Module select input (M_SELECT, hi true)
instructs the Module to respond to identification
requests. When both M_SELECT input and
M_RESET input (hi true) are asserted, the Module
performs a hardware reset.

The Module present output, M_PRESENT is
connected to M_SELECT through diode CR1 to allow
a means of determining if the Module is plugged into
an instrument. When M_SELECT is asserted (pulled
hi) M_PRESENT is hi true.

Module transmitter open collector signal TXOC-0 from
Q1 signifies the Module transmitter is enabled. Serial
data is then transmitted in the synchronous mode.

M_SYNC is used for timing of shorter latency periods
than supported by the serial data protocols. A Module
only asserts M_SYNC when enabled by the host.
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Reset Logic

The reset logic is shown on sheet 3 of the
schematic. Reset logic U9 generates a power-on-
reset when power is applied. RESET-0 and HALT-0
signals remain low for minimum of 130 msec after
all logic voltages are in specification.

External reset, processor reset, and halt signals are
low for minimum of 24 clocks when external reset is
asserted. Power monitoring, processor reset, and
halt signals are low if logic voltages drop below
specification. They remain low for minimum of 130
msec after logic voltages return to the specified
range.

The reset circuit consisting of U6b and U6d provides
open drain outputs to the processor bi-directional
reset and halt signals.

Fail-Safe Logic

Fail-safe latch (U6a and U6c) ensures that the
Module enters a safe state if the processor fails to
operate correctly. The latch is set by a low true output
from the processor watchdog timer (WDOG-0). The
data transmitter is disabled, isolated power is shut
down, and the Module remains in a safe state until
the latch is cleared by a power on or external reset.

Microprocessor

The core logic design is based around the 68302
microprocessor (U10) shown on sheet 4 of the
schematic. The 68302 combines a 68000 core with
a three channel communication processor, and
system integration circuits.
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The left side of the CPU contains clock interfaces
to/from the PNet, port A, and port B to various circuits
in the core logic, reset, and halt interface. The IRQ
ports are not used. The right side of the CPU
contains address lines, data lines, and chip select
outputs. The 68302 operates with a statically
defined 8-bit wide bus. The following resources are
used for specific Module functions:

CHIP SELECTS LOGIC
CS0-0 FLASH ROM
CS1-0 STATIC RAM

SERIAL COMM CHANNELS

SCC1 PNET
[RXD1, TXD1, RCLK1, TCLK1,
CTS1-0, RTS1-0]

SCC2 ASYNC DEBUG [RXD2,TXDZ2]
SCP SERIAL EEPROM
[SPRXD,SPTXD,SPCLK]

TIMER1 SYSTEM TIMEBASE

PARALLEL 10/ SPECIAL PURPOSE 10 BITS

PA2 CHIP SELECT TO SERIAL EEPROM

PAS ASYCN_EN (PNET MODE SELECT)

PAG POWER MANAGEMENT CONTROL

PB5/TIN2  TIMEBASE INPUT FOR EXTERNAL
MEMORY / SYSTEM CONFIG

PB7 WATCHDOG TIMER OUTPUT

Program Memory

Program memory consists of two 8-bit flash ROMs
U5 and U11 shown on sheet 5 of the schematic.
The ROM is configured for 128Kx16 (2048k bit). The
ROM is not socketed and can not be removed for
programming. The ROM can be flash-programmed
via the logic analyzer interface or the PNET
connector.
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Data Memory

Data is stored in two 8-bit static RAMs U3 and U12
shown on sheet 5 of the schematic. These RAMs
are configured as 128Kx16. This RAM is cleared
when power is removed.

Non-Volatile Memory

Serial EEPROM U1 shown on sheet 5 of the
schematic is a 128-byte PROM that provides non-
volatile storage for model and serial number
information and parameter user interface data which
must travel with the Module. The 68302 synchronous
communication port (SCP) is used to access the
EEPROM.

Logic Analyzer/Test Interface

The logic analyzer/test interface is shown on sheet 6
of the schematic. The core logic includes an
interface to bring signals required for external ROM
access, logic analyzer interface, and a debug serial
channel to a single connector.

The external ROM access allows an off board ROM
(8 bit) or ROMs (16 bit) to replace the FLASH devices
at address 0. Address, data, and control signals
required for this function are included on the LA/T
connector.

All signals needed for a Hewlett Packard model
16500 logic analyzer or equivalent to perform bus
state analysis and disassembly are included on the
LA/T connector.

The 68302 SCC2 serial transmit and receive data
signals are included on the LA/T connector.
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The LA/T connector pinouts are as follows:
PIN NAME PIN NAME
1,69 | +5V 2,28,45,46,7 | GND

0
3 A0 4 A1
5 A2 6 A3
7 A4 8 A5
9 AB 10 A7
11 A8 12 A9
13 A10 14 A11
15 A12 16 A13
17 A14 18 A15
19 A16 20 A17
21 A18 22 A19
23 A20 24 A21
25 A22 26 A23
29 DO 30 D1
31 D2 32 D3
33 D4 34 D5
35 D6 36 D7
37 D8 38 D9
39 D10 40 D11
41 D12 42 D13
43 D14 44 D15
47 DTACK-0 48 AS-0
49 RW 50 UDS-0
51 DS-0 52 BGACK-0
53 FCO 54 FC1
55 FC2 56 DEBUG TXD
57 DEBUGRXD | 58 EXROMCS-0
63 PRGM EN | 64 DISCPU
65 T1_IN
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DISASSEMBLY
PROCEDURE
STATIC DISCHARGE CAUTION

Do not attempt to service
unit without static
discharge protection.

Workstations and
‘ ! .‘ personnel must be properly
grounded, or damage to

equipment will resulit.

1. Remove two 4-40 x 5-1/4" screws from rear of
the Module. Remove rear cover.

2. Slide enclosure toward rear of Module, and
remove enclosure.

3. Unsnap two tabs at top and two tabs at bottom of
assembly, and remove insulators and card
guides.

4. Remove the 4-40 x 1/4 screw (30, FO-8B) that
fastens flex cable to the shield can.

5. Disconnect flex cable (14) from J101 on digital
PWA (1).

6. Pull front panel away from assembled PWAs.

7. Carefully pull apart two PWA assemblies while
disconnecting J100 on digital PWA.

8. Disassemble analog PWA shield assembly by
disengaging each of the corner locking tabs
(accessible through plastic shield vent
openings).

9. Separate analog PWA from emi shield.
10. Using FO-8B as a guide, perform any additional

disassembly that may be required for
maintenance procedures.
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REASSEMBLY
PROCEDURE

10.

>

Make sure the fastening tabs on emi shield
cover (24, FO-8B) for analog PWA have not been
deformed. Reassemble analog PWA and shield
assembly.

Carefully join the two PWA assemblies while
connecting J100 of digital PWA.

Slide front panel over assembled PWAs while
connecting J3 of the front panel flex PWA (13).

Connect flex cable (14) to J101 of digital PWA.

Using 4-40 x 1/4 screw (30, FO-8B), secure flex
terminal to ground shield on analog PWA.
Tighten the screw to 4-in/lb.

Push upper and lower card guides onto slots of
assembly.

Install insulators (13) so large notch end is
toward rear of Module, to ensure integrity of
patient safety isolation.

With enclosure oriented so large groove is at
bottom and label is at right (viewed from front of
Module), slide enclosure over front cover and
assembly.

Install rear cover on the Module enclosure.

Fasten the front and rear covers to the enclosure
by inserting two 4-40 x 5-1/4" screws from the
rear through the enclosure to the front cover as
shown in FO-8B. Tighten the two screws to
4-in/Ib.
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PARTS LISTS

J1

>
ECG Module parts lists and location drawings are
organized as follows:
Item Parts List Drawing
ECG Top Assembly Table 8-1 FO-8B
ECG Digital PWA 315-546 Table 8-2 FO-8C
ECG Analog PWA 315-547 Table 8-3 FO-8D
ECG Analog PWA 315-548 Table 8-4 FO-8D
ECG Front Panel Flex PWA 313-108 Table 8-5 FO-8E
ECG Defib Sync Flex PWA 313-109 Table 8-1 FO-8F
Table 8-1. ECG Top Assembly Parts List
Description Part No.
PWA, ECG/RESP/TEMP DIGITAL 315-546
PWA, ECG3/RESP/TEMP, ANALOG 315-547
PWA, ECG6/RESP/TEMP ANALOG 315-548
BRACKET, TEMPERATURE 704-923
BRACKET, DEFIB SYNC 704-924
SUB-ASSY, ENCLOSURE, EXTRUDED SW 320-676
COVER, PARAMETER REAR 703-188
PANEL, FRONT, ECG 3 LEAD 701-453
PANEL, FRONT, ECG 6 LEAD 701-433
EMI SHIELD CAN, INTERNAL, ANALOG PWA 737-176
SCREW, RDH PHH, 4-40X51/8, CUSTOM 722-201
INSULATION, GUIDE, MODULE 750-182
PWA, FLEX, ECG6/FRONT PNL 313-108
PWA, FLEX, ECG DEFIB SYNC 313-109
JACK, STEREO, 3.5 MM 3 CONDUCTOR 607-883
BUTTON, LATCH, SW 732-166
GASKET, ECG, FRONT PANEL 752-261
SPRING, CONTACT, GROUND 736-204
SCREW, 4-40X3/16 PNH PHH SST 719-101
SCREW, 4-40X1/4 PNH PHH SST 719-102
SCREW, 2-56X3/16 PNH PHH SST 719-237
DRESS NUT, TEMPERATURE 717-102
EMI SHIELD, EXTERNAL, ANALOG PWA 737-177
GASKET, DEFIB, FRONT PANEL 752-260
GASKET, TEMPERATURE, FRONT PANEL 752-259
INSULATOR, DIGITAL 750-189
EMI SHIELD, INTERNAL, DIGITAL PWA, ECG 737-184
SCREW, SELF TAPPING 4-24X1/4 PNH, PHH, SST 722-151
PAD, PORON, 1.5X0.5X0.125, ADHESIVE BACK 748-339
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Table 8-2. ECG Digital PWA 315-546 Parts List

Item
C1,101,102,
104-108,128
C2,3
C4-16,20-22,
114-125,129
C109

C110

C111

C112

C113

C126
CR1,13,100
CR2-7,10,11,
104,105
CR12
CR106,112
CR108-111

FB1-9,100-102
J1

J4

J100

J101

L100

PM1

Q1,90
Q100-103
R1,40,41,50,112,
114,118,129,
131-133,150
R2,90
R3,4,7-33,35,42,
43,47,48,92,100,
111,115,117,130
R5,6,127,135,
136,140

R34

R45
R91,123,128

Description
CAP,2917/D,TANT,35V,20%,10 UF

CAP,CER,SMD,0603,NPQO,10%,50V,27 PF
CAP,CER,SMD,0805,X7R,10%,50V,0.10 UF

CAP,2917/D,TANT,16V,20%,33 UF
CAP,CER,SMD,0603,X7R,10%,50V,0.010 UF
CAP,CER,SMD,1812,NPO,5%,50V,4700PF
CAP,CER,SMD,1812,NPO,5%,50V,.010UF
CAP,CER,SMD,1825,NPO,5%,50V,.018UF
CAP,CER,SMD,0603,NPO,10%,50V,100 PF
DIODE, SCHOTTKY, 30V, 200MW, SOT-23
DIODE, DUAL SERIES SMT SOT-23

DIO ZENER 6.2V, 5% SMT, 226MW

DIODE, RECT-SCHOTTKY, 1A, 40V, SMT
DIO SWI, 200 MA, 70V, SMD

FERRITE CHIP, EMI SUPPRESSION, SMT
CONN, 20 PIN PLUG RT ANGLE PC MOUNT
SOCKET, MICRO STRIP 35X2, SMD

CONN, 20 PIN, RECEPT, .050 PITCH, SIP
CONN, 5 POS, 1MM CTR, ZIF, SMT, RT ANGLE
FILTER, DATA LINE (3-LINES)

PWR SUPPLY, DC TO DC 1.5W PC MT

XST NPN 2222A SMT

XSTR, N-CHAN MOS SOT-23
RES,0603,1/16W,1%,1.00K OHM

RES,0603,1/16W,1%,4.99K OHM
RES,0603,1/16W,1%,10.0K OHM

RES,0603,1/16W,1%,2.21K OHM
RES,0603,1/16W,1%,698K OHM

RES,0603,1/16W,1%,100 OHM
RES,0603,1/16W,1%,110K OHM

>

Part No.
606-188

605-718
605-533

606-111
605-821
603-702
603-701
603-700
605-725
611-137
611-140

612-147
611-142
610-114
669-170
607-795
607-816
608-348
607-921
668-162
633-147
674-127
676-130
686-293

686-360
686-389

686-326
686-566

686-197
686-489
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Table 8-2. ECG Digital PWA 315-546 Parts List (Continued)

Item
R109

R110,113,116,152

R119
R120,121
R122
R124
R125,126
R134
R138
R139,141
R142
R143
R144
R151

U1

U2

u3,12
U4,15
us5,11

U6

u7,8

uo

u10
U100
u101-103
U104
U105,106,111
u107,108
U110
Y100
#73

Description

RES,0603,1/16W,1%,49.9 OHM
RES,0603,1/16W,1%,475 OHM
RES,0603,1/16W,1%,22.1K OHM
RES,0603,1/16W,1%,162K OHM
RES,0603,1/16W,1%,44.2K OHM
RES,0603,1/16W,1%,88.7K OHM
RES,0603,1/16W,1%,20.5K OHM
RES,0603,1/16W,1%,442K OHM
RES,0603,1/16W,1%,49.9K OHM
RES,0603,1/16W,1%,15.4 OHM
RES,0603,1/16W,1%,11.3K OHM
RES,0603,1/16W,1%,316K OHM
RES,0603,1/16W,1%,57.6K OHM
RES,0603,1/16W,JUMPER 0.0 OHM
IC,93C56 2KBIT SERIAL EEPROM,CMOS SM
IC, EECMOS PLD 16V8B, ARRAY LOGIC

IC, 128X8 70NS CMOS SRAM TSOP
IC,74AC32 QUAD 2 IN OR GATE,ADV CMOS SM
IC, 128K X 8-BIT 5V FLASH ROM CMOS SMT
IC,74HC03 QUAD 2 IN.NAND,CMOS SUF MT
IC, CMOS LTC1485, DIFF BUS XCEIVER SO8
IC, POWER SUPPLY MONT WITH RESET SMT
IC, 68302 INTEGRATED PROCESSOR SUR MT
IC, DUAL COMPARATOR SMD

IC, HCPL-2611, OPTOCOUPLERS, SMT

IC, 10 BIT DAC, SSOP

IC, ADJ VOLTAGE REGULATOR SMT

IC, 664 VOLTAGE REGULATOR SUR. MT.

IC, DUAL JFET OP AMP SOIC

CRYSTAL, 23.646MHZ HC-49/UP

PAL_U2A, CORE LOGIC

>

Part No.
686-168
686-262
686-422
686-505
686-451
686-480
686-419
686-547
686-456
686-119
686-394
686-533
686-462
686-606
692-183
692-226
694-133
692-141
692-195
692-139
692-225
694-118
694-135
693-158
695-101
693-157
693-119
693-104
691-110
609-135
637-101
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Table 8-3. ECG Analog PWA 315-547 Parts List

Item Description

C100,108,1009, CAP,2312/C,TANT,16V,20%,10 UF
116,117,119,198,

246,260

C101,102, CAP,CER,SMD,0603,Z5U,20%,50V,0.033 UF
104-107,111,

113-115,118,

120,121,124,126,

127,130-134,

136,140,142,143,

145,146,148,150,

152-156, 160,

162-164,170,171,

175-178,181,183,

185,187,190,191,

193, 195,196,

199,203,207,213,

214,216-220,224,

233,237,238,240,

242-245,247-253,

255,256

C103 CAP,CER,SMD,0603,NPO,10%,50V,100 PF
C110,128,129, CAP,CER,SMD,0805,X7R,10%,50V,0.10 UF
137,192

C112 CAP,2917/D,TANT,16V,20%,33 UF
C122,125,135, CAP,POLY,SMD,40VDC,10%,1.0UF
138,159,209,211,

225

C123 CAP,CER,SMD,0603,X7R,10%,50V,0.010 UF
C139,254 CAP,CER,SMD,0805,X7R,10%,50V,4700 PF
C141 CAP,CER,SMD,0603,NPQO,10%,50V,10 PF

C144,149,157, CAP,CER,SMD,1812,NPO,5%,50V,.010UF
161,167,169,182,

184,197,205,210,

223,228,230-232,

236,239

C147,168,186, CAP,0805,CER,NPO,5%,50V,330PF
204,208

C151,158,166, CAP,0805,CER,NPO,5%,50V,1000PF
202,206,212,215,

226,227,229,234,

235

>

Part No.
606-108

605-919

605-725
605-533

606-111
603-220

605-821
605-517
605-713
603-701

603-630

603-636
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Table 8-3. ECG Analog PWA 315-547 Parts List (Continued)

Item

C165,188,189,
194
C172,261-263
C173,201,221,
222,257-259
C174
C179,180,200
C241

CR100,121
CR101,102,
105-107,109-111,
117-119,128
CR103,104,108,
112,113
CR114-116,
125-127
CR120,123
CR122,124

J100

J101

K100

Q100

Q101,104
Q102,103,109
110,111
Q105-108
R100,102,103,
106,107,124-130,
132-134,136-142,
155-158,160-166,
169,173,223,226,
227,291,311,317,
327,341,343
R101,104,105,
113,117,119,144,
149,174,177,186,
187, 257,305,
306,308,339,342
R108,111
R109,171,258,
279,287,300

Description
CAP,CER,SMD,0805,X7R,10%,50V,0.022 UF

CAP,CER,SMD,0603,NPO,10%,50V,33 PF
CAP,0805,CER,NPO,5%,50V,100PF

CAP,CER,SMD,0603,NPO,1%,50V,100PF
CAP,POLYCARBONTE,3300PF,250V,5MM,5%
CAP,CER,SMD,0805,75U,20%,50V,0.047 UF
DIO, SCHOTTKY, DUAL SERIES SOT-23 SMT
DIO SWI, 200 MA, 70V, SMD

DIODE, DUAL SERIES SMT SOT-23
DIODE, LOW LKG, DUAL SMT MMBD1503A

DIO, ZENER,2.5V,5%,225MW SMT

DIO, ZENER,5.1V,5%,225MW SURFACE MT
CONN, 20 PIN, .050 PITCH, SIP HDR

CONN, 10 POSN, DUAL ROW, RT ANGLE, 2MM
RELAY, DIP, DPDT, 12V

XST PNP SMT

XSTR, N-CHAN MOS SOT-23

XSTR, J-FET P-CHANNEL, SMD

XST NPN 2222A SMT
RES,0603,1/16W,1%,100K OHM

RES,0603,1/16W,1%,10.0K OHM

RES,0603,1/16W,1%,49.9 OHM
RES,0603,1/16W,1%,100 OHM

>

Part No.
605-525

605-719
603-624

605-735
603-217
605-621
611-141
610-114

611-140
610-140

612-148
612-145
608-349
608-301
648-113
674-126
676-130
676-134

674-127
686-485

686-389

686-168
686-197
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Table 8-3. ECG Analog PWA 315-547 Parts List (Continued)

Item
R110,131,172,
193,196,228,268,
347-349

R112
R114,115
R116
R118,123,152,
231,234,235
R120-122
R128,288,324,
332
R135,159,185,
191,297,323,326
R143
R145,146,192
R147,150,198,
199,202,203,207,
209,219,239,240,
247,248,260,
334,335

R148
R151,178,184
R153

R154
R168,170,244,
245,254,256,
277,280
R175,183,230,
364-367
R176,275,286,
289
R179,255,276,
284

R180
R181,321,328,
337
R182,320,330,
338
R188,189,307
R190
R194,221

Description
RES,0603,1/16W,1%,1.00K OHM

RES,0603,1/16W,1%,200 OHM

RES,0603,1/16W,1%,3.01K OHM
RES,0603,1/16W,1%,2.00K OHM
RES,0603,1/16W,1%,16.2K OHM

RES,0603,1/16W,1%,30.9K OHM
RES,0603,1/16W,1%,280K OHM

RES,0603,1/16W,1%,49.9K OHM
RES,0603,1/16W,1%,4.32K OHM

RES,0603,1/16W,1%,24.3K OHM
RES,0603,1/16W,1%,110K OHM

RES,0603,1/16W,1%,44.2K OHM
RES,SMD,1/10W,5%,10M OHM

RES,MF,1.35K,0.05%,20 PPM/DEG C
RES,MF,1.10K,0.01%, 10 PPM/DEG C

RES,0603,1/16W,1%,20.5K OHM

RES,0603,1/16W,1%,20.0K OHM

RESISTOR, SMD, 1/8 WATT, 5%, 3.0M OHM

RES,0603,1/16W,1%,6.65K OHM

RES,0603,1/16W,1%,4.64K OHM
RES,0603,1/16W,1%,61.9K OHM

RES,0603,1/16W,1%,41.2K OHM
RES,0603,1/16W,1%,150K OHM

RES,SMD,1/10W,5%,1.6M OHM
RES,0603,1/16W,1%,19.1K OHM

>

Part No.
686-293

686-226
686-339
686-322
686-409

686-436
686-528

686-456
686-354

686-426
686-489

686-451
685-605
652-342
652-341
686-419

686-418
654-592

686-372

686-357
686-465

686-448
686-502

685-586
686-416
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Table 8-3. ECG Analog PWA 315-547 Parts List (Continued)

Item
R195,197,200,
232

R201

R204
R205,206,208,
212,216,220,
238,246,345,369
R210,252,274,
285
R211,241,253,
282
R213,215,242,
243,250,251,278,
281
R214,236,249,
273,283,309
R217,295,296,
298,322,325,331
R222,356
R224,225,290,
318,319,329,
333,336

R229

R233
R237,270,271
R259,261-263
R264,292,
350-355,357-363
R265
R266,267
R269,293,294,
299,301-304
R272
R310,312,313,
368,370,371
R314-316,
372-374

R340

R346

T100

Description
RES,0603,1/16W,1%,4.75K OHM

RES,0603,1/16W,1%,18.2K OHM
RES,0603,1/16W,1%,7.50K OHM
RES,0603,1/16W,1%,4.99K OHM
RES,0603,1/16W,1%,69.8K OHM
RES,0603,1/16W,1%,118K OHM

RES,0603,1/16W,1%,48.7K OHM

RES,0603,1/16W,1%,52.3K OHM
RES,0603,1/16W,1%,12.4K OHM

RES,0603,1/16W,1%,17.8K OHM
RES,0603,1/16W,1%,25.5K OHM

RES,0603,1/16W,1%,7.87K OHM
RES,0603,1/16W,1%,143K OHM
RESISTOR, SMD, 1/8 WATT, 1%, 499 OHM
RES,0603,1/16W,1%,1.43K OHM
RES,0603,1/16W,1%,301K OHM

RES,0603,1/16W,1%,2.67K OHM
RES,0603,1/16W,1%,750 OHM
RES,0603,1/16W,1%,200K OHM

RES,0603,1/16W,JUMPER 0.0 OHM
RES,SMD,1/4W,20%,100M WRAP TERM

RESISTOR, SMD, 1/8 WATT, 1%, 332K OHM
RES,0603,1/16W,1%,499 OHM

RES,0603,1/16W,1%,158K OHM
XFORMER, ISOLATION, 1500V, DIP8

or

>

Part No.
686-358

686-414
686-377
686-360

686-470
686-492

686-455

686-458
686-398

686-413
686-428

686-379
686-500
654-264
686-308
686-531

686-334
686-281
686-514

686-606
687-100
687-108
654-535

686-264
686-504
668-158
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Table 8-3. ECG Analog PWA 315-547 Parts List (Continued)

Item

U100

U101
U102,126,127
U103

U104

U105
U106,132,137
Uu107,131
U108
Uu109,111,113,
118,122,123,129,
130,136,138
U110,112,
116,117
U114,135
U115
U119,126,
133,134
U120

U121

U124

U128

#71

#142

Description

IC, OP AMP MAX412, SMT

IC, AD7872 14 BIT ADC, CMOS SMT

IC, ANALOG MUX, CMOS SO-16

IC, CMOS PROGRAM LOGIC DEVICE SMT

IC, HEX SCHMITT-TRIGGER INVERTER, SMT
IC, EPC1064 SERIAL EPROM 65K BIT
IC,ANALOG MUX, 8 CHANNEL, SMT LOWLKG
IC, DUAL JFET OP AMP, S0-8

IC, DUAL COMPARATOR SMD

IC, QUAD OP AMP SUR. MT.

IC, LIN, 8TH ORDER BESSEL FILTER, DIP8

IC, MAX333A QUAD SPDT CMOS AN. SW SMT
IC, OP AMP JFET INPUT, QUAD, WIDE SMT
IC, INSTR AMP, 50-8

IC, 5V REG/TEMP XDCR, SMD

IC, DUAL MOS PHOTO RELAY, SMT

IC, QUAD SPST ANALOG SWITCH SUR MT
IC, ANALOG MUX, MONOLITHIC 4-CHAN SMT
SOCKET,DIP LO-PROFILE 8 PIN

FPGA, INVASIVE PRESSURE/ECG

>

Part No.
691-135
692-200
693-126
692-236
692-237
619-264
691-125
691-116
693-158
691-119

621-253

692-201
691-142
691-122

693-121
695-104
693-112
692-240
607-165
637-116
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Table 8-4. ECG Analog PWA 315-548 Parts List

Item
C100,108,109,
116,117,119,
198,246,260
C101,102,
104-107,111,
113-115,118,120,
121,124,126,127,
130-134,136,140,
142,143,145,146,
148,150,152-156,
160,162-164,170,
171,175-178,181,
183,185,187,190,
191,193,195,196,
199,203,207,213,
214,216-220,224,
233,237,238,240,
242-245,247-253,
255,256

C103
C110,128,129,
137,192
C122,125,135,
138,159,209,211,
225

C123

C139,254

C141
C144,149,157,
161,167,169,182,
184,197,205,210,
223,228,230,231,
232,236,239
C147,168,186,
204,208
C151,158,166,
202,206,212,215,
226,227,229,
234,235
C165,188,
189,194

Description
CAP,2312/C,TANT,16V,20%,10 UF

CAP,CER,SMD,0603,25U,20%,50V,0.033 UF

CAP,CER,SMD,0603,NPO,10%,50V,100 PF
CAP,CER,SMD,0805,X7R,10%,50V,0.10 UF

CAP,POLY,SMD,40VDC,10%,1.0UF
CAP,CER,SMD,0603,X7R,10%,50V,0.010 UF
CAP,CER,SMD,0805,X7R,10%,50V,4700 PF

CAP,CER,SMD,0603,NPO,10%,50V,10 PF
CAP,CER,SMD,1812,NPO,5%,50V,.010UF

CAP,0805,CER,NPO,5%,50V,330PF

CAP,0805,CER,NPO,5%,50V,1000PF

CAP,CER,SMD,0805,X7R,10%,50V,0.022 UF

>

Part No.
606-108

605-919

605-725
605-533

603-220
605-821
605-517

605-713
603-701

603-630

603-636

605-525
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Table 8-4. ECG Analog PWA 315-548 Parts List (Continued)

Item
C172,261-263
C173,201,221,
222,257-259
C174
C179,180,200
C241

CR100,121
CR101,102,
105-107,109-111,
117-119,128
CR103,104,108,
112,113
CR114-116,
125-127
CR120,123
CR122,124

J100

J101

K100

Q100

Q101-104
Q102,103,
109-111
Q105-108
R100,102,103,
106,107,124-130,
132-134,136-142
155-158,160-166,
169,173,223,226,
227,291,311,317,
327,341,343
R101,104,105,
113,117,119,144,
149,177,186,
187,257,305,306,
308,339,342
R108,111
R109,171,258,
279,287,300

Description
CAP,CER,SMD,0603,NPO,10%,50V,33 PF
CAP,0805,CER,NPO,5%,50V,100PF

CAP,CER,SMD,0603,NPO,1%,50V,100PF
CAP,POLYCARBONTE,3300PF,250V,5MM,5%
CAP,CER,SMD,0805,25U,20%,50V,0.047 UF
DIO, SCHOTTKY, DUAL SERIES SOT-23 SMT
DIO SWI, 200 MA, 70V, SMD

DIODE, DUAL SERIES SMT SOT-23
DIODE, LOW LKG, DUAL SMT MMBD1503A

DIO, ZENER,2.5V,5%,225MW SMT

DIO, ZENER,5.1V,5%,225MW SURF. MNT
CONN, 20 PIN, .050 PITCH, SIP HDR

CONN, 10 POSN, DUAL ROW, RT ANGLE, 2MM
RELAY, DIP, DPDT, 12V

XST PNP SMT

XSTR, N-CHAN MOS SOT-23

XSTR, J-FET P-CHANNEL, SMD

XST NPN 2222A SMT
RES,0603,1/16W,1%,100K OHM

RES,0603,1/16W,1%,10.0K OHM

RES,0603,1/16W,1%,49.9 OHM
RES,0603,1/16W,1%,100 OHM

>

Part No.
605-719
603-624

605-735
603-217
605-621
611-141
610-114

611-140
610-140

612-148
612-145
608-349
608-301
648-113
674-126
676-130
676-134

674-127
686-485

686-389

686-168
686-197
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Table 8-4. ECG Analog PWA 315-548 Parts List (Continued)

Item
R110,172,193,
196,228,268,
347-349

R112
R114,115
R116
R118,123,152,
231,234,235
R120-122
R135,159,185,
191,297,323,326
R143
R145,146,192
R147,150,198,
199,202,203,207,
209,219,239,240
247,248,260,
334,335

R148
R151,178,184
R153

R154
R168,170,244,
245,254,256,
277,280
R175,183,230,
364-367
R176,275,
286,289
R179,255,
276,284

R180
R181,321,
328,337
R182,320,
330,338
R188,189,307
R190
R194,221
R195,197,200,
232

Description
RES,0603,1/16W,1%,1.00K OHM

RES,0603,1/16W,1%,200 OHM

RES,0603,1/16W,1%,3.01K OHM
RES,0603,1/16W,1%,2.00K OHM
RES,0603,1/16W,1%,16.2K OHM

RES,0603,1/16W,1%,30.9K OHM
RES,0603,1/16W,1%,49.9K OHM

RES,0603,1/16W,1%,4.32K OHM
RES,0603,1/16W,1%,24.3K OHM
RES,0603,1/16W,1%,110K OHM

RES,0603,1/16W,1%,44.2K OHM
RES,SMD,1/10W,5%,10M OHM

RES,MF,1.35K,0.05%,20 PPM/DEG C
RES,MF,1.10K,0.01%, 10 PPM/DEG C

RES,0603,1/16W,1%,20.5K OHM

RES,0603,1/16W,1%,20.0K OHM

RESISTOR, SMD, 1/8 WATT, 5%, 3.0M OHM

RES,0603,1/16W,1%,6.65K OHM

RES,0603,1/16W,1%,4.64K OHM
RES,0603,1/16W,1%,61.9K OHM

RES,0603,1/16W,1%,41.2K OHM

RES,0603,1/16W,1%,150K OHM
RES,SMD,1/10W,5%,1.6M OHM

RES,0603,1/16W,1%,19.1K OHM
RES,0603,1/16W,1%,4.75K OHM

>

Part No.
686-293

686-226
686-339
686-322
686-409

686-436
686-456

686-354
686-426
686-489

686-451
685-605
652-342
652-341
686-419

686-418
654-592

686-372

686-357
686-465

686-448

686-502
685-586
686-416
686-358
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Table 8-4. ECG Analog PWA 315-548 Parts List (Continued)

Item

R201

R204
R205,206,208,
212,216,220,
238,246,345,369
R210,252,
274,285
R211,241,
253,282
R213,215,242,
243,250,251,
278,281
R214,236,249,
273,283,309
R217,295,296,
298,322,325,331
R218,288,
324,332
R222,356
R224,225,290,
318,319,329,
333,336

R229

R233
R237,270,271
R259,261-263
R264,292,
350-355,357-363
R265
R266,267
R269,293,294,
299,301-304
R272
R310,312,313,
368,370,371,
R314-316,
372-374

R340

R346

Description

RES,0603,1/16W,1%,18.2K OHM
RES,0603,1/16W,1%,7.50K OHM
RES,0603,1/16W,1%,4.99K OHM
RES,0603,1/16W,1%,69.8K OHM
RES,0603,1/16W,1%,118K OHM

RES,0603,1/16W,1%,48.7K OHM

RES,0603,1/16W,1%,52.3K OHM
RES,0603,1/16W,1%,12.4K OHM
RES,0603,1/16W,1%,280K OHM

RES,0603,1/16W,1%,17.8K OHM
RES,0603,1/16W,1%,25.5K OHM

RES,0603,1/16W,1%,7.87K OHM
RES,0603,1/16W,1%,143K OHM
RESISTOR, SMD, 1/8 WATT, 1%, 499 OHM
RES,0603,1/16W,1%,1.43K OHM
RES,0603,1/16W,1%,301K OHM

RES,0603,1/16W,1%,2.67K OHM
RES,0603,1/16W,1%,750 OHM
RES,0603,1/16W,1%,200K OHM

RES,0603,1/16W,JUMPER 0.0 OHM
RES,SMD,1/4W,20%,100M WRAP TERM.

RESISTOR, SMD, 1/8 WATT, 1%, 332K OHM

RES,0603,1/16W,1%,499 OHM
RES,0603,1/16W,1%,158K OHM

>

Part No.
686-414
686-377
686-360

686-470

686-492

686-455

686-458
686-398
686-528

686-413
686-428

686-379
686-500
654-264
686-308
686-531

686-334
686-281
686-514

686-606
687-100
or 687-108
654-535

686-264
686-504
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Table 8-4. ECG Analog PWA 315-548 Parts List (Continued)

Item

T100

U100

U101
U102,125,127
U103

U104

U105
U106,132,137
U107,131
U108
U109,111,113,
118,122,123,129,
130,136,138
Uu110,112,
116,117
U114,135
U115
U119,126,
133,134
U120

U121

U124

U128

#71

#142

Description

XFORMER, ISOLATION, 1500V, DIP8

IC, OP AMP MAX412, SMT

IC, AD7872 14 BIT ADC, CMOS SMT

IC, ANALOG MUX, CMOS SO-16

IC, CMOS PROGRAMM. LOGIC DEVICE SMT
IC, HEX SCHMITT-TRIGGER INVERTER, SMT
IC, EPC1064 SERIAL EPROM 65K BIT
IC,ANALOG MUX, 8 CHANNEL, SMT LOWLKG
IC, DUAL JFET OP AMP, S0-8

IC, DUAL COMPARATOR SMD

IC, QUAD OP AMP SUR. MT.

IC, LIN, 8TH ORDER BESSEL FILTER, DIP8

IC, MAX333A QUAD SPDT CMOS AN. SW SMT
IC, OP AMP JFET INPUT, QUAD, WIDE SMT
IC, INSTR AMP, 50-8

IC, 5V REG/TEMP XDCR, SMD

IC, DUAL MOS PHOTO RELAY, SMT

IC, QUAD SPST ANALOG SWITCH SUR MT
IC, ANALOG MUX, MONOLITHIC 4-CHAN SMT
SOCKET,DIP LO-PROFILE 8 PIN

FPGA, INVASIVE PRESSURE/ECG

>

Part No.
668-158
691-135
692-200
693-126
692-236
692-237
619-264
691-125
691-116
693-158
691-119

621-253

692-201
691-142
691-122

693-121
695-104
693-112
692-240
607-165
637-116
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Item
C1-2
C3-8
DS1-3
J1

J2

J3
R1-6
#3
#10

Table 8-5. ECG Front Panel Flex PWA 313-108 Parts List

Description
CAP,CER,SMD,0805,X7R,10%,50V,0.010 UF
CAP,CER,SMD,0805,NP0O,10%,200VDC,220PF
SURGE ARRESTER 2-LINE 80V GAS TUBE
CONN, 7 PIN SOCKET ECG

JACK, PHONE, 1/4 INCH 3 CONDUCTOR
CONN, 10 POSN, DUAL ROW, 2MM
RESISTOR, SMD, 1/8 WATT, 1%, 499 OHM
CONTACT, SOCKET, POSTED FOR .025 SQ
FERRITE CORE, FPC EMI SUPPRESSION

Part No.
605-521
605-444
628-165
607-887
607-884
608-300
654-264
608-266
669-210
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B. REFERENCE BESIGNATORS NOT USED

one

SC313-109 A
ECG Defib Sync Flex PWA Schematic (1 of 1)



BB

NOTES:

1

2.

Pl |-12v
R109 \L ROMCS-8P_D_IN SP_O_IN
u9.g crol - RAMCS-0SP_CLK SP_CLK
+ 10 A-0~W sP_p_ouT |.SP_D 0UT
35V ArK-0 \ Fog~W 5P C5 | 5P _CS
ASTNC_EN I P
uns-o
ASYNC_EN L0S-0
}Jl M _PRESENT |y PRESENT Fs-o FAILSAFE-O XROMCS -0 XROMCS-0
1 M SELECT Iy SeLECT TX_EN-8 TX_EN-0 RTS-0 PRGM_EN
Hl M _AESET v _RESET SELECT-DO SELECT-O SELECT-0 0ATA (15: D) DATA 15:0) DATA (15:0)
EE IX0C=0 oM _TXOC-8 CLK_TO_PNET CLK _TO PNET CLK_TO_PNET ADDR (23: 1) ADDAR(23: 1) ADOR (23: 1)
;Jl M_SYNC-U M_SYNC-O CLK_FROM_PNET CLK_FROM_PNET CLK_FROM_PNET FC(2:0) FC(2:0)
Hl CLK* CLK+ DATA_TO_PNET ORTA_TO _PNET DATA_TO_PNET
Pl CLK= CLK-  DATA_FROM_PNET DATA_FROM_PNET DATA_FROM_PNET DTACK-0 DTACK-0 BIT MEMORY
ER DATA* _ lpRTA+ STNC-0 b RS-0 AS-0 SHEET 5
1 DRTA- _oDATA- R-O~N U0S-0 uns-o
RESET R~h-0 WDOG-0 LDS-0 L0S-0
SYNC_D [ FAILSAFE-1 RIW B~W-0
Eglo Wpoo-0 DATA_TO_DEBUG - 5
£3c PNET_TF_OC DATA FROM DEBUG oh (15 0) PA(15:0) 5
FU G SHEET 2 PB (11 0-PELLLIN NN I PRGM_EN
DATA_FROM_15S0 Do
v LoWDOG-0 Fs-0jo—! DATA_TO_ISO CsS0-0 ROMCS -0
SHIELD TERMINALS AESET RESET Eso1 cs1-0 RAMCS -0
HALT-0 HALT-0 I HALT-0 €52-0
1@9HJ1—1 RESET-0 HESET=0 | RESET-0 C53-0 |+
108 HL }+12v FB9 ADDR (235 1)
IRHJL—l RESET - FS SPTXD 1RQ1-0 | 1 DATA (15:0)
18 ¢l |+sv SHEET 3 — lspcik IRQ6-0 | S FC(2:0)
- i i | sPRXD 1RO7-0 | Al EXROMCS-0 )
C15 T2_IN ROMCS-0
10 -
n 35y T T@-l oo EXTAL DISCPU 0TACK-0
14 ] XTAL BGACK-O AS-0
2l 23.BUBMHZ T 6830 Uns-o
cq }JL UP 16-132 LDS-0
58 &L SHEET 4 BGACK-0 DISCPU
STStLx PRGM_EN
AV DATA_TO_DEBUG DRTR TO DEBUG
DATA_FROM_DEBUG DATA_FROM_DEBUG
SYNC-0
UNLESS OTHERWISE INDICATED:
A. RESISTORS ARE IN OHMS, +/-1%,1/10MW LOCIC ONALYZER TEST IF
B. CAPACITORS ARE IN MICROFARADS, +/-10% SHEET 6
C. INDUCTORS ARE IN MICROHENRYS, +/-10%
REFERENCE DESIGNATOR INFORMATION DISCRY
A. HIGHEST REFERENCE DESIGNATORS USED:
C129, CRll2, EU, FBLB2, JLOLl, PMI
L1600, 0103, R152, ULll, Y100
B. REFERENCE DESIGNATORS NOT USED: SYNC_D
C17-C19, C23-Cl0O, C103, Cl127 +5V L1y
CR8, CR9, CRIU-CRYY, CRIOL-CR1B3, CR107 +SV
FBLO-FBAG  J2, J3. J5-J39  02-099 R100 T L
R36-R39, RUO, R51-RBY,RI3-R33, R1O1-R108, RIUG-RIUQ LO. 0K 1 12y 1100
U13, uid, Ul6-U89, U1B9 e 1 3 150 Fs on.g—12V_ATN +VS_IS0 +VS_1S0 516
- uis — = [S0_POWER_ON-§ ~¥S-ISO ~VS_I50 > 15
21AC32D [SO_RTN ISO_RTN L51
FAILSAFE_OK-0 7 +5VI +tovI } 10
+VAIL +VATL i 17
FRONT PANEL CONNECTOR Al I m—r =12
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, €s2-0 csso0 MARKER -0 MARKER- O vA1 VAT <15
3.5 MM STEREQ JACK WA-0 e e > 2
R B A T nere <5
SLV Ji1o1l DATA(15:0) TX_CLK OATAFAON-T50 150_DATA_IN 4100
NET.. .5y 4 B TX_CLK [SO_DATA_IN = = 7
RING » J1o1 ‘ FONNECTED=E R ISO_DATA_OUT IISSDO—DEP‘LTKR—UUT S
,,,,,,,, N ECG_0UT RTN 150_CLK = 1 i
g L leco_out SN
L 3> 4101 CONNECT CONNECT_CONTACT ——+>6
/\A’?: ,,,,,,,, L5 {J101 WARKER_IN CRRKER T J 1S0_INTERFACE e
: SHEET 8 —t> 11
777777 > J101 FLEX_SHLD_TERM 13
R151 0.0 %7 —— 1U
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ECGC_ANALOG_OUT/MARKER IN L1318
SHEET 7 L 1520

ECG Digital PWA Schematic (1 of 9)



CR1
MMBD301L

>M_PRESENT

b

> SELECT-O

2
CR2 > R-0~
FB1 - PQ MMBD 7000 g
M_SELECT[ > 1 ’
1. 00K Eﬂ oy > RESET
1 2 +5V
CR3
FB2 RU 1 v (ZEW MMBD 7000
M_RESET[ > ] 2 CRI11
. 1. 00K Eﬂ MMBD 7000
ALS FB8
10.0K 10. 0K 1 R 55 ? e ] [ >M_TX0C-0
MMBT2222R
\Y4 1.00K
DATA_FROM_PNET <] '
+0V Cl6
T 0.1
4”17 CR12
o0 MMBZ523UB
VCC
CLK_TO_PNET > U1 cLk o1l oy C7
ASYNC_EN[> S| evs 10215 HW S
4 16 MMBD 7000
13 oud FBB
A — 5 15 BLTC1U8G 3
e ol 15 105 [1L [ - DATA-
FS-0 16 107 R
TX_EN-0 817 10g 12 2 7
918 3 !
A3 I0E-0 I u 6
e 1. 0K GND 1. 08K 0 2 -
10 R50 GND MMBD 7000
1 SZF FB3 .
v ] aATA+
T 0.1
DATA_TO _PNET[ > }—$ '
VCBCUUEBMBS MMBD 7000 v
CRU
CLK_FROM_PNET <] ¢ PQ e
2 ! ’ 1 CLK-
4 0 1
2 GND
B 5 Vo e
FB7 ?K MMBQSSQQQ MMBD 7000
M_STYNC-0 L] , FBS
Eﬂ ] CLK+
1
l
\v4 R90O ii
SYNC_D
R9?2 U. 99K
PNET _1F_0C SYNC-0
10.0K
SC315-546 A

ECG Digital PWA Schematic (2 of 9)



+5V C6
@.1;$
MAX701
8lvee U9
RESET-0po——

RESET [>—LMR RESET|>

GND

J

R35
10.0K

WDOG-0[ >

w5y
RG
12 14 2.21K
U6 11 _
HHCO@Q > HALT-0
7
4
Loy
RS
2.21K
> RESET-0
+5YV
o R7
1 UG . 10. 0K
5| HCO3D { >F5-0
! L5V
RS
RIS 10. 0K
> FS-1

RESET - FS

SC315-546 A
ECG Digital PWA Schematic (3 of 9)



TGV +5V—

o} —LE]CQ—L CIOL

0.1 1 0.1
%ma R15
0. 0K 50 0K 1oV p >PA(15:0)

CLK_FROM_PNET i
FAILSAFE-1T > CLK_TO_PNET 89 76 |18 |28 |39 |62 |83 |99 112131 75 RLU
PR (15:0 AT=-00 02 e L on roLn e L Liep |52 TM BE%#E%WT
(15:0) < >———>PA(15:0) RCLKI~LICLK RXD1~L1RXD _T0_
MMBD3OIL oy Bl T CUKI~L1570~5051 TXDI~L1TXD 22 ‘ DATA_FROM_DEBUG
CR13 I 504 cDi-0~L15Y1 RXD2~PAD |27 ‘ DATA_TO_DEBUG
U SlocTs1-0~L1GR TXD2~PAL |2 | DATA_FROM IS0
A RL7 RU8 789 RTSL-0~L 1RA~GCIDCL RXD3~PAS [ DATA TO 150
10. 0K 10. 0K . TXD3~PAQ ff“: F
2= RCLK2~PA2 Al s V)
c5| TCLK2+PA3 A2 12
¢ 25Q CT52-0~PAY A3 | 3
° 250 RT52-0~PAS Al = Y]
& CD2-0~PAG AS 5 5
z 617 spgo~pay G 5
10 Q7 g 7,
u ‘ gé RCLK3~PAI1D A8 7 8
2 \ TCLK3~PR11 A9 °
SPRXD LS £T53-0~SPRXD A1D > 19
SPTXD 18 RTS3-0~SPTXD ALLIE 1
PB(11:0)< > SPCLK 115 cn3-0~5PCLK RI2 e L [ > ADDR (23: 1)
68 1pa12 A13 = 13
Al Lo 1/
J 1084 1ACK7-0~PBO A1S g 15
L 1094 1ACKB-0~PBI ALB g 15
2 1104 1ACKL-0~PB2 AL7 |55 L7
A18 L8
3 [RESESTNEE: 19 gi 19
. LIS 1ouT1-0~PBY A20 |52 20
3 114 | TIN2~PBS A1 55 2]
d LISy TouT2- 0~PBE ute A22 152 2
WDOG-0 < L1 74 Wpoc-0~PB7 n23 23
MCBB8302FE Do |48 9
. 118 hgg 01 7 %
. 18] peg 0> |18
1 1201 pg1g 03 |22 3
ExTAL >— SELECT-0[ > Lellegin o - L
R3U 100 0T 5
ATAL > Ve ToT) XA 06 1 . DATA (15:0)
11 DTACK-0 <] — 859DTACK-0 D8 g% 8
Sv}—w4 D9 g
c3 | co | ey | 10. 0K \ ’ .99k 98 {gR-0 o1g |36 o
27PF T 27PF [ ‘ 874B6-0 MEIER 1
R12 R2B | 88 33
BGACK-0 D12 12
BGACK-0 10. 0« 10.0K \ 01532 -
Y Y% P 31
RESET-0 RESET-0 D14 |35 1y
Rog HALT-O SlgHALT-0 D15 o s
5V | SY5 BERR-0 CLKO CLK
[ LO. OK 77“*3 BUSH as-oploy AS-0
DISCPU[ > DISCPU R~W- 003 RIW
+5V] uns-o~nopHLlo6 UDS—-0
R30 9741PLO-D~1RO1-0 LDS-0~D5-0 105 LDE-D
10.0K 9651PL1-0~1R06-0 RMC-O~10UT1-0plie3 fo7
o1 . o 954 1PL2-0~IRA7-0 1AC é%g L0 0K
BCLR-0 ‘] +5V
10. 0K 10.0K ¢ 10. 0K 45y 934AVEC -0~I0UTO-0 Feol 132 0 FC (2:0)
IRQ1-0 RU Fel 130 |
10.0K 70 7239
IRAG-0 +5V | FRZ-0 Fc2
IRQ7-0 £S0-0~10UT2-0pied CSO-08
PA (15 01< NE B9g0RED-0~PAL 3 c51-0p12] CS1-0
i DACK -0~PATY £52-0 CS2-0
s 71 DONE -0~PA15 cs3-apled CS3-0
| GND ‘
Ul 132320l 3uluu]s7[67]8uftodi0711d 124 © g ez Lo i o o (T o
o o T o 7o o o 7 o
10. 0. 010 . 0. L. 1w . 10 . 1o . g - 0K
}+5v
UP16-132 %7
SC315-546 A

ECG Digital PWA Schematic (4 of 9)



RAMCS-0 [>

DATA(15:0)
PRGM_EN IS
ADDR (23: 1) i 5y 0
13 }—%
- 10 o
37 7 AIGVEC WE-Bp2
+5V +5V 32 16 7[;”5 OE—E]Q32
31@ NCovee 5 limu CE1-0 SB
18 NC1 1 A13 cE2{ 5|
?83@K 1y 17 2ln16 4y L4 13 12lg5 U3 +5V
. g%ESG 0.1 16 3la1s Us U151\ 6 12 la11 TC551001
SP_CS 21 €s vcc78 }_% s gg niu 5 Ac32D u 32191@ FTSOP 07 §§ 7
SP_CLK SK L 4 A13 7 10 Ag 06 8
SP_O_IN i D1 ORB% 3 gé Atz e 1398 05 g; 5
SP D _0UT 0o GND f == ALl 51 g Lu > A7 Ouise Y
% a1 Da’ 2 EX 2 e 03 3
R31 0 28] ao 006 [20 5 U5 )8 ] [ 05123 2
10.0K 9 271 a8 Das }g 5 o AC32D 5 16]qy 01122 )
8 51a7 DO (5 Y 7 4 %gQS 002l 9
< l Blag D03 3 3 A2 NCES
¢ 705 pa2 Lo 2 1990
5 8l ay 0ol 1u ] ¥ 1 2@[:;@ vss
! 91a3 Dao H2 5 2u
3 10][p
oV 11
c20 210l
0.1 ! RO
20F010
12 14 Si WE-0
XROMCS-0 > DN 1 240E-0
CE-D
13]nC320 Vss
ROMCS-0 [> e +5V
7 47 coo
R32 0
10. 0K }—%
\v4 +5V 2
cal 7 10116 VEC  WE-0p2
0.1 16 a1s 0FE-0p32
c1e g, @ = Lipiy ce1-pp30
0.1 = U A13 EE24{+SV
}7 32 13 12912 Ure
Y 1 \—1 NCovee 2 3%;}11 TC551001 |
_ 18 30 1 FTSOP 15
LOS-0> TR L0 _WR_ENABLE 5 AT B 5[nL° 0758 ¥
S5 |AC32D 15 3la15 Ul g 398 05 27 13
7 15 291n1uy 8 13Q7 ou 26 12
1y 281113 J MQB 03 25 11
13 Ulno 6 15,;15 RE 23 10
u D07 s 4 A3 00 8
T uu N\ 3 LO_RB_ENABLE 0 25/ he” 20 Iy 3 18 9
> | ncssn g DOG =2 A2 NC
ReW-0 > —=d 2 27ing 00S 1= 13 N 1900
7 g 5 n7 nau 12 ! 20lnq
7 B 17 11 VSS
ne D03 (. o
R-0~W[ > & EAfa[S D02 14 19
S 81Au 001 9
5 1u ¢ 18 A3 DO 8
3
9 Uy \a8 UP_RD_ENABLE No r119°
10 |AC32D al
ugs-o[ > L 1270
7 29F010
3e-o
E
0E-0
22lrE-p
Vss
%16
UP_WR_ENABLE
16 BIT MEMORTY

ECG Digital PWA Schematic (5 of 9)



A L NN
1 Ju

ADDR (23: 11> 1 I

2
0
1
e
3
. 4 Ju
DATACIS5: 0)[ > :
6]
J
8

DTACK-O[ > I

R

ubs-0

AS-0 Ju

LDS-0 Ju

BGACK-0 I
FC(2:0)

LOGIC ANALYZER TEST

IF

+5V
L jﬁ S
Lt Seg
Ju
——t>0
4‘M928
Ju 1S g
I
Ju Sus
Ju
L1570

SC315-546 A
ECG Digital PWA Schematic (6 of 9)



Rl122

UL.2K R123
110k
DAC ADDRESS: SEEN
C52+1=LOWER 8BITS (2 LSBS MUST BE 0) J; I +12V
CS2+3=HIGH NIBBLE Rlel Clll 0.018  -12V . g
(odd byle odd ) 162K 4700PF -12v 5y .
o 9] e a resses 4 .
write lower btdte first J s
R120 R12U
Y CR1GY
15y 45y it T R110 . AR Lol o
22.1K 3 —
R130 s TLB82 Lgm . ] > _
a 10. 0K C117 0 als 1. 00K
CS%* >, 1
WH - 53 0.1 : C119
VDD 0.1
1% CLR-0 1y
Ao
119 01 vouT g? . .
€5-0 RFB >
DATH (15:0) WR-0 ROFS (22
— 164 Lpac-o -
REFOUT
. 2% 0650 meFin 3
L D7 51
2lps oo ulod LM333
3 3 pgpy MAXS03
- 19
Y Uipo VSS 1S
S 5103 REFGND |
& 6] py AGND [
Z ZANIS DGND .
€109
33
R129
1. 00K
R13U
Wy oK sy -
+5Y oY
"5V oy =
Rfigl R136 R127
2 I 2.21K 2.21K
|, RS 2%1%i ’
MARKER N FB100 A131 4| mmeo7000 . . - I
[ > ] ¥ R135 MMBDOTUX
o L. 00K 20.5K Lo/ 2 MARKER-O
EiS AL 6| LM393 2. 21K N >
c126
100PF
' MMBDO1UX
v Cle CRLLO
712\/ 0.1
5V
1oy
i MMBDGLUX
CR109
FB1O2 130
CONNECT CONTARCTL> ] T
CR108
MMBDO1UX
>CONNECTED-O
Rl28
110K
v FCG_ANALOG_OT

ECG Digital PWA Schematic (7 of 9)



[SOLATED_POWER

12V >

+12V_RTN[ >

1S0_POWER_ON-0[ >

DATA_FROM_T1S0 <}

SHEET 9
-VS
+12V +VS
+12V_RTN -VAHI
[50_POWER_ON-O -5VI
+VAI
+5VI
PWR_OK
ISO_RTN +5VID

+5VID

+5VI

> -VS_150

> +VS_150

> -VAI

> -5V

> +VAl

> +5V]

> +5V1D

> 150_POWER_OK

[ > ISO_RTN

+5V

+5VID

-
I
%7 utoe

HCPL2G11]8

DATA_TO_1S0 [>

l-]= |

Vcc

no

R113

GND u7s

+5V

+5V

priphd!
7

[

+5V

+5V1D
cliu

0.1
utot %15
HCPL2611

(oo

R111
10.0K

R110 34§%

Vece

+5VI1D

Rll1e2
1.00K

+5VID

R115
10. 0K

16

<_JISO_DATA_IN

> [SO_DATA_OUT

=y

GND | VE

5 u7s
1 0100

2N7002
2

+5V

R150
1.00K

R117

10. 0K R11G 3

50 17
IG

+5VID

0.1
I
U103 16

8| HCPL2GB11
Vee

+5VID

R118
1.00K

> [SO_CLK

[—T=]o

QFN“

5 u7s
1/ 0102

TX_CLK >

[SO_INTERFACE

2N7002
2

GND | VE

50 |7
IG
+5VID

SC315-546 A
ECG Digital PWA Schematic (8 of 9)



t12Vv >

+12V_RTN >

)+
=0
o O

[SO_POWER_ON-O

%U\)

SC315-546 A
ECG Digital PWA Schematic (9 of 9)

> s
R1LU
57.6K [SO_RTN
PMI oo (—#vm~;gle
CPWR17-01 OLF3500 5 5| LPassiAcH | —
+VIN  +vOUuT IN 5VT 10
SYNe auT Ll~~~3s | el T cios FFeiou 2l sense P |Z -Bloy 316K Al
REMOTE 2 > L0 0.1 e é o0 out i —
Ul _yin o —vourT 3 U - ooy Y <£ ERR U1 06GND CR10O Ji
41 4?% MMBD3O1L cres
10
35V
\Ll L 10 -VS 16 l
C1o [0% 16
13 35V ‘13 35V
G G
o LPessiach |
IN 5VT
—S{ SENSE B %ﬂ Loy
SD 0uT | > +5V1D
ERR J1116ND T
YLIG
g LP2ssIACH |
IN 5VT
C 44§§ SENSE  FB %ﬂ
21 D 0UT > 45yl
ERR U1 05GND T
J7IG R152
475
> PHR_OK
utes
MAXGEY
v vouTl BLLD
10 jSENSE VOUTQB 6Y 9K -VAI
o —=[3HDN  VSETg > -VAI
35y - SHON 1 BNDE R1UD
1 C e 127K CR112
MBRS1UOT3
6
ute7
MAXGGY Réul
EVIN VOUT1 > -5VI
LZISENSE vouT2
—E|oHON - VSET CR106
L 2ISHDNT  GND MBRS1LOT3
ISO_POWER V16 16



6
5
8
RL 10
9
7
3
SPARE_SHIIELDUY

-VS 15
+QVILY
-9VvI 19
+SVID g
+5VI g
-SVI 12

PWR_OK_UNFLT
CLOCK_UNFLT
DATA_IN_UNFLT
DATA_OUT _UNFLT

D= — Ul wrno

NET

8
11
13
14
18
20
16

SPARE

SHIELD TERMINA

E100
R272

0.0

SHIELD

ECCG_RESP_INPUT
Jjot LA SHEET 2 La_fuT LR_FLT
Jol AR RA_FLT RA FLT
jjgi L LL_FLT RLLLFIFTU
AL RL_FLT _
Jjol L C1FLT C1 FLT EMUX_0OUT
Jjo1 2 co_FLT LIC2 FLT
J1o1
J1o1
% %IG
Ly LA fFLT EMUX_OUT
-VSs L1 RA_FLT ecoy || ECGL UNFLT ECGL_IN ECGL_OUT ECCI
TVl LL_FLT ECG2 || ECB2_UNFLT ECG2_IN ECG2_OUT ECG2
2100 4[7’9VI AL_FLT Ecc3 || ECB3 UNFLT ECG3_IN ECG3_0UT ECG3
J1po *oVID Cl1_FLT Ecouy || ECBU UNFLT ECGU_IN Ecou_gut L ECOH
J1P0 +5V 1 2 FLT
J1p0 -avl ECG_BL _RESET (2:0)
2400 ECC_CM_DRIVE (2: 0) ECC_LP_CLK
2400 ECG_CM_SENSE (2: ) PO_SENSE (1:0) PO_TRIGGER ||
EMUX (2: 0) BLANK
ECC_TEST 12:0)
J100 PWR_OK_UNFLT PWR_OK RTI
J%:m CLOCK_UNFLT cLock || FECILERD D) PACE_DET_&_FILTERING
J100 DATA_IN_UNFLT DATA_IN
b I - SHEET U
o I FCG_FRONT_END SHEET ©
2 o0 - ’ SHEET 3 VREF
: J100
J160 PWR_I1S0_BLOCK
i L SHEET 15
e L L1 L] Emux VREF_BUF
>l 555 ECol MUX_ADC
2400 RESP_LEAD_SEL (1:0) & ECG2 -
2400 | RESP_TEST_STATE ca Eces  SHEET 13
2100 RESP_LHZ_TEST o ECGCUY
RESP_BL_OUT RESP_BL
Y1 AESP_CLK RESP_OUT RESP
OM_CLOCK TMUX
RESP_BL_RESET
L JcLock RESP_LEAD_SEL (1:8) | : : MUX (2: 0)
SERIAL_IN RESP_TEST_STATE Respiratlion
SERIAL_OUT RESP_LHZ _TEST SHEET 10 ADC_CLK_O
PUR_OK RESP_CLK SHEET 11 ADC_CONVST
PWA_CFC (1:0) OM_cLOCK ADC_SCLK
RESP_BL_RESET ADC_S5TRB
T10N ECG_CM_DRIVE (2: 0) ADC_DATA
ECG_CM_SENSE (2: D)
EMUX (2:0)
PUR_OK_UNFLT ECC_TEST (2:0)
ECG_TEST_STATE
ECG_LEAD (1:0)
ECC_BL _RESET (2: 0)
- ECC_LP_CLK
PD_SENSE (1:0)
PD_TRIGGER BLANK
MUX (2: 0)
TMUX (2: D) ADC_CLK_O
TEMP_TEST_O ADC_CONVST
ADC_SCLK
ISO_CONTROL apc_sstrs NOTES:
1 UNLESS OTHERWISE INDICATED:
SHEET 1u  FOE-ORTA N. RESISTORS ARE IN OAMS, +/-1%,1/1GW
B. CAPACITORS ARE IN MICROFARADS, +/-10%
C. INDUCTORS ARE IN MICROHENRYS, +/-10%
2. REFERENCE DESIGNATOR INFORMATION
A. HIGHEST REFERENCE DESIGNATORS USED:
TMUX (2:0) C263,CR128,J101,K100,0111,R374,T160,U138,
TEMP_TEST _STATE TMUX_OUT Flol
JiotL TEMP_HI B. REFERENCE DESIGNATORS NOT USED:
ot - - - - - -
1\ TEMP_RET TEMPERATURE %llf%%LEJTlfQ%QEfEQ%QM 99, 01799, H1-99,
SHEET 12

SC315-548 A
ECG Analog PWA Schematic (1 of 15)



+9VI PCLAMP CRITY CR116 CRL15 CR125 CR127 CR126 +9VI

‘(’ - FDS01503 FOS01503 FDSO1503 FOSO1503 FOSO1583 FDSO1503 f309 Rgiikji
20. 0K ) ) ) ) ) ) 52.3K | 100K
7= cri2y c220
MMBZ5231B i 0.033
3 3 3 3 3 3 N
i
—gvVI ZKJ
ZK\ CR122 16 o Y4 PPV
R36U MMBZ52318B ! ! ! ! ! 1
20. 0K
R370 L R371 LR368 LR313 L R312 | R310
NCLAMP LOaM 100M < 100M < 100M < 100M < 100M
207 207 207 207 207 207
R37U
LA L>1A FLT
332K |lrosg
100PF
57
R372 10
RAC> L > RH _FLT
332K |cosy
100PF
57
R373 0
LL> > L _FLT
332K |coss
100PF
57
R31U 16
RL[ > SRL_FLT
332K | cop1
100PF
57
R315 10
C1> L >C1 FLT
332K |coo2
LOGPF
57
R316 16
Ce> > C2_FLT
332K lroo1
100PF
5%
16 ECG_RESP_INPUT

SC315-548 A
ECG Analog PWA Schematic (2 of 15)



+5V1
% -9vI
£250 |C251 |C252 |C253 |C2ug |cous .
“F.033 [5.033 P.033 [p.033 [p.03307933000 f339
LA_EMUX_IN 477 773 10.0
) R357 RA_EMUX_IN 5 I +qV]
0] I S “EMUX_
EMUX (23 0) S01K N3E5 LL_EMUX_IN Bmg u13e E?IB
FCGI_LEAD (1: 0> 595 | aaso R T2 N 2 s EMUX_QUT
301K — - INS  ENABLE U136 —
EC6_TEST(2: 0> i CeEMX-IN_fline  ourg il N
cCC TEST STATE R351 gmg G&ﬁ”‘ EMUX_OUT_UNBU TLD3UA
_ _ Coo—
| 301K ife -9vI
\
LL_BUF 0 1 ECGL_NEG 2 ~__ ADB21
LA_BUF AA-BUF 2 g
e oy | utie > S FCGI
-1 = ECG1_POS 3 G2 REF| S
MAX333A g + (1, 11, 111
e {>* — 16 ug. gk |2 v PO SEELEN *Oy1
LH FLT[ > T35 8 ) = [ vyl +vs LY
7 4 pg U128 16 VS+  VS- -
V- GND R299 E 4 Nlns 7 U
BE 5 = INIA  INIB 2 i i
Q7 200K SIInNeA  INep[l2
-9Vl " % IN3R  IN3B [ LI | *9VI-8VI
rv+ LA_SW_0OUT I—BINQQ INUB L0
. . MAX333A | = S{0uTA  ouTB ?5 ;
- -vs GND 2 ~__ADB21
13 RA_SW_0UT 1
RA_FLT > TLouA G135t o v1e . 6 FCGe
Vo GND LL_SW_0uT g utet —— >
_ov] 5 6 3162 , 1 REFls (11
TovI 16 J7
\ +
MAX3330
o g 20 _ 19 VS+ VS~ o
10 | V138 u13s, 15 ECG_TEST_OUT k :
LL_FLT n ! _ _
— > TLO3UA vé [;Ng R363 301K L9V -9Vl
-9V1 VREF R362 301K 0T
+9VI 16 2 ~__ADB21
2 VI MAX333A A307 R358 JRLK e ]
122 D*w‘ 3 150K TLO3YA . U133 u FCC3
R VIV
Cl_FLT > ’ TLo3un , uiss, 7 -9v1] cLsur 3|62 1 REF|s (CHEST 1)
— - GND -
5 6 R3004 o TLO3UA “ovi  +9vI J7
-9vi 100 % = —gv] VG+ VG- o
Tyl Y 0 cogl | 12.uKkl cogo 12.UK 263 12.UK < R292< R26U 7 I
. 16V = SSPFT R206 SSPFT R295 133PF — SRogg 301K 301K
A +9VI1-9VI
a
c 122 2
Ce_FLT > TLO34A Jﬂ@ RO9U 200K 2 ~_ Ape21
iy 1
_gVI R35U 301K CNDgp| L CMS_3LEAD ‘ R293 200K Gl U13U |6 ECGQ
o cesu 1500 5115 CH_POSTEST g N
R356 |. 2 10 B CM_zERD_TEST R3L7 1 pok 362 REF| 5 (CHEST 2)
RL*BUF 3 ) 191 oc 7 CM_NEG_TEST \ s |
[ _ —
TLosun 5 [4700PF 17850y g Z R SR \ R3US 1. DOK QG ce-bur J7
RL _FLT > CR120 o« +9VI b 3y_ g5 11 cws_7teAn_ci VS+  VS- G
o oVI 16 ﬁZ/MMBZBgEEB -9Vl > é 13y Spl 10 cus_7LEAD.C2 R3U9 1.00K 7 il
< ° 8p 719 cws_sLEAD
“OVI o R291 100K VI
1308 R385 T 06508R +9v1 rovl
LN Vo3 10. 0K ook = R305 ute? R30U 200K
g 1 : 0 0. 0K
ey BN, g|usHs2soz . 1 el nol ol ool
7|1 MAX328C {5 . RI21 £ Covt oV £2ss c219 cous couy cous
IZINE ENABLEE 2 Vi o _gVT R302 200K E] 833 0. 833 0. @33T 0. 833 0. 833
1l1\g QU T EcHDRIVE 1L 1M 3 fi3es R34b AELE L i i L L
0 - R303 200K
3 VoD ~ 4. 99K 158K 2 499K LEV [[3 £256 £199 cou? co18 C196
GND g R361 301K ©.033| ©0.033] ©0.033| 0.033| 0.033
1537 T . MMBZ5222B a G T
vi6 R366 cRies N R360 301K m
ECG_CM_DRIVE (2:0) gyl oK G 5 TLO3UA R3I59 301K SC

FCGC_CM_SENSE (2: 01>

ECG FRONT END

ECG Analog PWA Schematic (3 of 15)



e
[op)
(ws)

+5V1 eVl
- TLE2062A
R33U VI
110K PGND_REF 3 R340 T
PGND_TAP U TLE2062A [ & ] PGND_DRIVEZSS +
al o sy i | FCG1_0UT
U3t - IN LPF_CLK ouT > -
335 2lg 6 ceul ;E ECG_BANDPASS
€237 2 R3u2 [ 16 +5VI ECGC_BPF1 rovI
1l =
0.03 110K 10. 0K 0 oLy SHEET 5
IIG e i BLANK_IN LP1_S2_0UT *5VI i i i
. R3U3 c155 1L coou coug €233
PGND_FEEDBRACK
+av1 - €L LBOK R8s BL AESET FEND Io.ow @,,@33T @.maaT @.oaaT
+gV1 49. 9K ‘ At cis7
ECG_LP_CLK 0.033 1 ol
— = [> PGND ci162 L c1s53 €213 %17@
ECG_BL_RESET (2: 01> 00331 0-833 1 8.933 |
| 16
\ —qvI
IN LPF_CLK oUT >ECG2_0UT
BLQNK ECG1_POSTBLANK EEG*BQNDPQSS
> ECGC_BPF2
SHEET G
ECG2_POSTBLANK BLANK_IN LP1_52_0UT 9Vl
+5V1 +9VI BL_RESET PGND
1o ‘ i ciss L cise
0 0.033 T 0.033
2| |13 DGudd PGND T
2[5vv+]3 ECGL_PREBLANK i i
I cess L ceov c13e l
15|, |1u ECG2_PREBLANK @.@33‘“’@=@33‘F'@.933T*
6l
o[ i1 ECG3_PREBLANK e
al | -9VI
ECGU_PREBLANK
ECGI_IN > 21— s -
|
ECG2 IN > J’GN”S |
ECG3_IN > H ‘
ECGngN oV I e IN LPPLLK ouT ~FCG3 _0UT
B — e ECG_BANDPASS vavl
T ECG_BPF3 -
SHEET 7
ECG3_POSTBLANK BLANK_IN LP1_S2_0UT
c1e3_L
ECGU_POSTBLANK % R326 BL_RESET PGND 0.033 T
Ug. 9K :
1 | | »
PGND cro1 L
0.033 T €
+QV] +5V1 \ vt
Jf —OVEOVI \ -9v1I
+5V I 16
N LPF_CLK auT DECGQ guT
coiu 217 14 ECG_BANDPASS -
0.033 5 0aa U [5q onD Res7 e ECC BPFU
- caoun S st Az LS 10.0K T SPTET 8
.D33 6 ls2 a6 - BLANK_IN LPL_S2_0UT
€216 €e03 7 ls3 ag 11 N
16 12 Sy 2 Rr323 BL_RESET PGND
0.033 0.033 1 EN 1g. oK
55 v-13 - ‘ i
16 10 |sg v 113 2
—gVvI 957 ol8 PGND
DGS08A
IG U125
JUMPER REPLACES U125 —_—
FOR 3-LEAD ASSEMBLIES ONLY 00
\ N PD_TRIGGER >PD7TR IGGER

PD_SENSE (1:0) >

PACER DETECTOR
PACE_DET_AND-FILTERING SHEET 9 SC315-548 A

ECG Analog PWA Schematic (4 of 15)



LPF_CLK >

BLANK _IN[> >LP1_S2_0UT
R181 ngg R2G1 *SVI L oc
R22U Cloe 5 °L-9€ Ti000e+ b4 oy 1 v = MMBT2222R
b i — = o | D7 - £ <) ‘
g ook & T1000p¢ 2 o £ =
s 5 |5z =L 4 N x z C1u2 l -
Roo5 = R2D3 - ) = B i 9Vl 2 ° .033 1?@2&]9 ciu? +5VI o
IN > - - 2|- LJLEIJSLLQ R217 E RIBQE 5 é 330pf T7 E
25.5K 188K Uttt = c1809 |57 o -
ElN 12. UK 1. 2K Ull1 L i e ISR Uiio v+ & =
77[:169 11 . . 5 . []_[]22‘177 +9VI CR1054N é :‘j o 5 ouT N E‘
T0.010 .l cieil TLosup  10% MMBDI1UX N i a 3 op_out 2
57 B - 2 R207 5 | 1o - MAX292 | &
J 5y -avI Y 16 “10P_IN- CLK =
16 16 110K 69. 8k
" V- GND
R20B | cruy > 5
U. 99K - 0.010 PGND +5VI
5%
Ve 1 C1us3 G PGND C1us
PGND 0.033 0.033
R171
PGND 10
CR107 16 T G
MMBDS 1 X
y RO18 R213 R168
= 280K us. 7K : 20.5k | fius
| - I
i ) : :
16 i 16 IVt g 5%
= | o
lla 1] 510 g ;
BL_RESET 3, 0103 8 B o
— > @QMMBFﬂW Uiilig R21U & | RI170
£159 TLosun 4 = 52.3K 20. 5K
1.0 40V 3
|| _ +gVI &
- I 5 —LCi51 R215
2 +gVI g AL7E 1000p¢ ug. 7%
e E 3. 0M R211 S auT
PGND z 118K =
= R179
6.65K
PGND
ECG BANDPARSS FILTER, ECG 1 <
16 16

ECG Analog PWA Schematic (5 of 15)



LPF_CLK >

BLANK _IN[> r>LPT_S2_0UT
R337 AJ£235 R262 *SVI 0ios
61.9K
. 1000p+ 1. 43K = o
- 290 - cere 5 gy ¢ a1 S 2 MMBT2222R
= 25.5K 5 T10000¢ 0 - @ . 5 o
7 5 5y ravI 7 = o s 12 = g C154 N
o O . = b 2 +9VI S .033 R260 [ci8s +5V]I i
INC> R336 5 | R34l 5 2> LO3uA - z 5 110K =
1 R331 5 R338-~ 5 e 330pF 9 z
25.5K 100K U123 - c188 o |57 o -
3 12.uK 1. 2K U123 16 e N utle v+ g 3
77C239 11 - . 5 N N.022— +9VI cr1064> g i\ o 5 ouT N f‘
T0.010 o 5%%%: TLO3UA 107 MMBDG1UX . a = 3l op_out g
SYA ) - v S Rolg 5| pos2 MAX282 || &
< 57 -avl IGV7 6 Y1oP_IN- CLK -
s 10 110K 69.8k v CND
e RO16 C157 P 5
U. 99K T 0.010 PGND SV
N ] [
o 1 €190 1o PGND C160
PGND 0.033 0.033
R258
PGND 100
CR119 e T 16
MMBDQ1UX
y R288 R251 Ra5u
i N = 280K <L ug. 7K 2 20,5k calo
a z —=0.010
— _ |
1 g 16 SEEF 57
12 11 ~10]e 2
BL_ RESET grit 8123 B o
— > g MMBF J177 3g R2U3 & | R256
TLO3uA U e 52. 3K 20. 5K
[
- +9V1I <
- = ——215 R250
3 g 580 Egg@pp ug. 74
e E 3.0M R253 . ouT
PGND ) z 118K
= R255
6.65K
PGND
v \v4
ECGC BANDPASS FILTER, ECG 2 - -

ECG Analog PWA Schematic (6 of 15)



LPF_CLK >

BLANK_IN—> >LP1_S2_0UT
6F3§f Alﬁzzg 1 izi3 RENAR
R329 5 ’ 1000pf : oy g s MMBT2222R
£ 2 25.5K z o oo Led S .| 57 z g
= : = 1000p¢ z e - 5 . <
@ 7 5y VI - 5 o & z = 0183 AL _
2 | R3e7 z 5 a 7 *SVI 3 033 R2U8 |cops +5V1 5
IN> R333 5 5 2>~ JLO3URA z R330° S 110K 3300 - =
25.5K 100K J|u13e>1 GELS - B> Cis5 . e RS RS N .
| o3 + 11 12. UK U1.2K 54B13@ 0. 0257 = 1G S 9 5| ot N g~ 2
T0.010 o 5%%%: TLO3UA 107 . a - 1 op_out ©
57 - - & R2u7 5 | Ress - MAX2G2 | &
5y —Qv1 18‘7 Y 0P_IN- CLK 2
iie 10 110K 69.8k
V- GND
16 R2UB clsu p) 6
4. 99K —0.010 PGND +5VI
SYA
Ve A Cis2 G POND €158
PGND 0.033 0.033
Re87
PGND 100
CR118 e 1 G
MMBDI1UX
¥ R332 R2U3 RoUU
z 280K l7 ug. 7K s 505K coo8
g z ——0.010
— _ |
16 a 16 V1 s 57
1 11 A0y £
3 o110 8 - o
BLiRESET > @2MMBFJI77 U13E19 R283 o RaUS
TLosun U = 52.3K 20.5K
|
- +9V I §
. = -Lcoos RoU2
§ 2 - E%?@pF 4B. 7K
2 = 3. 0M R282 - —0UT
PGND ) z 118K
= R28U
6. 65K
PGND
7 7
ECC BANBPASS FILTER,ECG 3 10 16

ECG Analog PWA Schematic (7 of 15)



LPF_CLK[ >

BLANK IN[>
R321 AL R259
g3zl Lcees = *SVI 109
. : 1000p¢ . w e MMBT2222A
R318 5 . _ > 2
;\ ;\ v D+9v1 j ZE‘ :‘ . 5 E % c181 i _
a1 2 | Raio | . = 3 4 +9V1 < ° . 033 1?558 coou +5V1 B
B 5 5 2 TLO3UA = P S =
IN T R322 5| R320~| g 2 330p¢ . s
25.5K 100K 4|u129 cloy . o |5y NEEEE o =
| ceso + 1 12. UK L2k gl uied N - 16 S 5 5 1oyt N -
T0.010 - gﬁi%F: TLO3UA 107 . 2 N Slar_put z
57 B - 2 R233 5| mo7u - MAX292 |4 &
57 -avI 1@V7 Y0P IN- CLK °
o o 110K 69. 8k
V- GND
16 R238 cig2 > G
U. 99K —0.010 PGND 45V
N ] [
- | C1usS 1o PGND Cluc
PGND 0.033 0.033
R279
PGND 100
CR117 16 T e
MMBDO1LX
Y R32U R278 R280
J7 N = 280K ug. 7K z 50 5K co0s
g = —=0.010
. _ |
16 & 16 V1 2 57
e 11 Lo 2
3 0109 1y - o
BLiRESET > /\MMBFJ177 utes 13 Re73 = Re77
5 _
TLO3URA 4 i 52.3K 20.5K
|
_ +gVv1 @
- 5 —r202 R281
2 2 A E%?@p? ug. 7K
o = 3. 0M RoU1 -
= —>0uT
FOND = 118K
= R276
6.65kK
PGND
ECG BANDPASS FILTER,ECG U
1C IG

ECG Analog PWA Schematic (8 of 15)

>LP1_S2 0UT



LP_S2_0uT LP_S3_0UT
+9VI
i +9VI
Ro21 ciesl R233 9 L .
clgs 19. 1K 330p7 +8vI T foos L Cos
0.1 R265 LP_S2_RFB R222 ;£0'033 20. 0K
| 2-67K 17.8K 0 R230 R229 Ie :
I N I (p_sacrs |, 4 20. 0K 7.87K
[ > e 8 6
utis [P_53.Cf8 |, S 2
o], S uns / ~U I
CLE7 TLO3UA ST 3| V10
0.010 < c197 TLO3UR = 8 LmM393
e 0.010 <
A4 o +qy
- 5 PRI
ife 1OM
Ic R180
. BlK
= lIB
2 5 ~ly
PSEUDOGND 2 ! U105
- 18 LM393
R17U
10. 0K
R17S Cl34
+9VI 20.0K 1 0.033
+9VI 1;
R178
+QVI Lo e
100K T
R226
13> il VIG
R
12|,
11
TL034A
C170 100K
0.033 2t Ve
2>y 1
U3t
3
v 11
e Ie TLO34A
SPARE

PACE DETECTOR

+5VI

177
10. 0K

PO_TRIGGER

SC315-548 A
ECG Analog PWA Schematic (9 of 15)



Rl S0
1 8
RESP LEAD SEL (1:0) > J : | > H RESP
WWHE 250V
RESP_1HZ_TEST > RoGE ° . R270  Cisg
1 750 5 . 439 3300PF
RESP TEST STATE[ > : >LL RESP
v g
LaVI CR10U ‘
MMBD7000 AON2LUS
U120 TLE208U LG
REFO2 %7
QLNE NC*% 1 - G
3 Ké” Vs ; e apF
0| ou R195 RESP_PRIM_NEG RESP_SEC_NEG 199
C1as LioND TRIM-S LCL% Lok 100 >RA_RESP
0.033 10 y - 250V
1; R232 +av1 Lok | c172 oty o
U. 75K : = 33PF -
16 IG c137 TLE20 | 8 LOpf
. . R228 o)
G [l i 1. 00K
16 i 7
. VA MAX333A - 0.1 [ RESP_EXC_DRIVE
RESP_CLK> P
|
Ut i, [ 178
V- OND 0.033 PCLAMP RISL 16 16
5 6 o VI 1oM Ve _MAX333A MAX333A 4"
2 2 9 10
m oo )Ly
16 a~ uLtid, g 2N Uty
[w Lo V- GND \GND Vo
CRID3 | |FESP-PRIN-POS 5 6 6 5 PCLAMP
Lot MMBD7000 &
1 IG 2 2 2
Leis - s ~ Z~
0.033
. 16 NELAMP L700PF R152 3 5 aZF
v+ 1139 16.2K
TLE2D8UY . MHX3E% 0 16 T 7~ = jX
8
Ullu R236 T I i CcRrios
| R196
_ CR113 CR112
_— e 1.00K oe- 3N MMBD 7000 | MMBD 7004 MMBED 7000
o5 a1ou
7. T s 2N78822 e
R23u 1 0.033 2
16. 2K -9Vl
16 CR111
TLE208U R2G8 MMEDETR '
- e - i ~>RESP BL 0OUT
LL .
14 177
13 255? 0.033
N
16
Ic
OM_CLOCK[ >
IN RESP_0UT DRESP70UT
RESP BL RESET[ > BL_RESET
RESP_FILTER
SHEET 11
RESPIRATION
SC315-548 A

ECG Analog PWA Schematic (10 of 15)



I lrcieu
0.033 c12s
1.0 4gv
16 ‘}
R14G R1US
J7 2U . 3K 2U . 3K :
1o .
R1UL R188 .
) Dl[ﬁ]gLJLEFLm 10. BK 150K RI1U3 R147 LP_S2_AMPIN_P
nge LP_S1 _NOBUF 3 o
INC> 111 2 - U 32K 110K :
2u. 3K z 3 0138 2
C13s 3 : 1 ib@v -
oy I Lciss b = -
. 033 3
R193%
o e i 1.00K
' - 10. 0K <
R187 16
CR102 =
+5VI MMBDO1UX <
. [ >RESP_OUT
i = 150K
U9 oK = R1839
1o
fl\
3/ 0102
I ), HMBF 177
] ¢
£ R1g0 z
= 1.6M
R186
10. 0K
16 <4
1o

RESPIRATION FILTER

SC315-548 A
ECG Analog PWA Schematic (11 of 15)



+9VI

-9VI -5VI PGN

D

Rogs L R108 L R203 —gmgg
LloK S110K 116K 2 110K
R0l peoou  RI97  pogo
PSEUDD TAPLB.2K 7.58K L.75K U.75K
-5Vl TAP
-QVl TAP
+9V1 TAP
+QVI  +5VI
T T V16
TMUX (2: 0) >
U 13 R119
VREF SR 54 10. 0K
i IN2 Ao
Bl1n3, U106 gq]18
+aVI 7/ NgMAX328C o 5[T5 -9Vl
R150 - TZIINS  ENABLEE TLE2062A
R121 2 ING ouT TEMP_MUX_OUT 5
10K 21l TEMP_EXC 30.9Kk | % LN V-3
cris uLe7 > = ' N —2lNe cnp[Y G
1 S E g
0.033 TEMP_EXC_TAP TLE2062A R
R123 q R15U ::El}@ TEMP_OFFSET_FLT 1c % VI
16. 2K vl 1.1K : = LLRLLMEBK
- = .01 R120 -9V y
S V16 30. 9K ies [ >TMUX _OUT
16 AVALS |
= R122 .
- 30.9K
+5VI o TEMP_XOCR_FLT VIG IG 0. 0K
| 1
o c128
R117 = 0]
10.0K — l
s VIt
0100
TEMP_TEST_STATE > o o
R118 TEMP_RELAY_NO Lov
16. 2K T
5 n R153 130l
Vs ‘ ‘ 1.35K 0.037
8 3 .05
TEMP _H1 9 T T 5
TEMP HI> o 16 cir1tl 16
K100 LoVl gyl sty 0.0373
TEMP RET 1
B — c127 -gvI
[l
V16 Il
G 0.033
o C126
s [l
9 i
- 0.033
s
i CR101 ClUp
| [l
= il
o MMBD91UX 0.033
16
3
L\ 0101
4@& 2N7002 VI
TEMP_TEST_1 2
1 TEMPERATURE
-VS

ECG Analog PWA Schematic (12 of 15)



-SvI s5vI

-5VI C120 C119 c121 +C108

: l 1o |+ o.oaal lm
+5VI
+5VI I jtlm e G [G 16 +5VI
FOVI -9VI 2 0.033
R113 T s
u1oe CR100
10. 0K R109 ~ R110 15 9|16 3.01K 2. 00K
RESP 975[]765@8%8 100 Ew HsMSes0e L. 00K ~u MArLe VS5 VD vOD RLIU RLLG 3.01K
RESP_BL LOlgg v+ |13 x U100 . MiyiN SSTRB-0 |+ RLTS
TMUX lgs  y-[3 A SCLK 2
ECCU gy gni2 Ul@1 SDATA
FCG3 153 pell G108 | cigy i
ECG2 blsp g1t 0.033 AD7872 pergut [L3
5 15 033 e 11
ECG1 S1 A2 - - 5 CREF
EMUX Ulsq -5V T CLK
GNlDu cios L S| CONTROL C123
J7 0.033 —VV ~{ CONVST-0 l@.mo
16 - DGND  AGND
16 +5VI 3 ) IG
i
16
200
MUX (2:0) > 21,0 R112
L
l l U180 > [
€193 c108 /7 VREF _BUF
ADC _CLK O[> @33$1@ L -
ADC_CONVST >
ADC_SSTRB >
ADC_SCLK >
ADC_DATA >
MUX ADC
SC315-548 A

ECG Analog PWA Schematic (13 of 15)



ECG_BL _RESET (2:0) <3

CR128
MMBDO1UX

N
7l

ul
B
—

J7C11Ll

0.033

C131
. 033

C133
0.033

e
T

c1ol
0.033

S

+5VID

RI1UO

100K

R139
100K
+5VID

i

R16U

zg;BVI

100K

:

R165
100K

:

R156
100K

+5VID +5VID

+5VID

R103

100K

R162

100K

:

R138
100K
Dqg+5VID¢ +5VID

+5V1

R137
100K

R1G3
100K
+5VID

:

:

D
R13
1
+5

1
0

:

R161
100K

0
K

0
VID

+5VID

R

RL33
100K
+5VID +5VID

160

100K

+5VID

R125

+5VIng+5VID

100K

!

R132
100K

R12U
100K

11&551@
5 CLK_INV

utrou

HCT14 AlOu

10.0K

——Cl0o2

0.033

<4

+5VID

E101 (

TISDERRDRl

[SO_RESET-0

BLANK <73

PDO_TRIGGER [>

PWA_CFG(1:0) >

5VI

| o

ec DATA

+5VID

R1G5
10. 0K

R136
100K

R101

10.0K 100K

R102

Ulo5 ek

[ep}
= o[ —

nCAS 0E

GND nCS

iLEPClOBq
G

PWR _OK_UNFLT =

16

1S0_CONTROL

RESP_TEST_STHTE
RESP _1HZ _TEST

RESP CLK
OM CLOCK
— 1> ADBC_CLK_O
g |32 |ug |59 |82
e — 17> ADC_CONVST
pues AC_cLk (30 > ADC_SCLK
Ao_convT-o 8l
D020 AODC_CLk 1N 3B | > ABDC_SSTHB
D019 STROB-O
NC_1 ADC_DATR i% —~ RADC _DATHAH
NC_2 NC_U
T s
Chnon NCEl6q ; FCGC CM DRIVE (2:0)
MODE14-1 PGL1 L2 )
RESET-0 PeL2 |91 2
004 boLglus ?T[> ECG CM SENSE (2:0)
Dou paL 1ol ’
o o2 2 FCG_LEAD (1:0)
66 U;T4444444 > o :
ESEE,DET—O E;t? g5 ’
FECG _TEST (2:0)
D12 U103 DaoH>s 9
D13 EPFBU52A D012/ 12
DIl poo |60 2 FCGC LP CLK
67
g% HE%EBQ e ECC_TEST_STHTE
S0 o6 ﬁﬂ[> EMUX (2:0)
P5LO g
NC_3 poL1 4 J
ic_0 o2 2 PD_SENSE (1:0)
NC_3 .
- 97 , o :
N po1s |2 %
$ﬁ§ - ! > MUX (2:0)
NC_ 1l NLL% 9 > RESP_BL_RESET
NC_15 PUL2
RESP LEAD SEL (1:0)
D013 |46 =
Do11t 0
nSTATUS Do1p |88 TEMP TEST 0O
peLK hD _ -
NCONFIG polo |l TMUX (2:0))
CONF_DONE  P8LO |86 ?% ’
SEL1 pgL1|eld
SELO pgL2 |08 2
nS_P
V85 +5VID
19 uu] 63| ou ? % % ? 4(
R1S8 R130 RIBY R129  RIAO RIO6 R173  RIS7
100K 100K 100K 100K 100K 100K 108K 100K
R1G6 Rl27 RI107 RIiUL  R128 R126 ARlU2 RIS
s 100K 1p0K 100K 100K 100K 100K 100K 100K
SC315-548 A

ECG Analog PWA Schematic (14 of 15)



PWR OK _UNFLT > e

> PWR_OK
1. 00K
RLTI ol g
CLOCK_UNFLT > o > CLOCK
us. g 7 Ulbu
R108 HOT TN u
ODATH _IN_UNFLT > Lso? { > DATA_IN
1g9.9 7 ULed -
i 103 HCT1U
1OBPF
ll[;
-VS  +9vl  -9VI  +5VI  +5VID
1"coeo Ler17fciis
L33 =10 Lo ~io ~1io
Cl1e L Cloo
VIG
+SVI
+5VID
C115 PWA CONFIGURATION RESISTOR TABLE
0.033
R135 R159
ASSEMBLY R1B7 R131 Ug.gK Ug.9K
16 PL315-5u8 OPEN OPEN PNA CFG(1:0)
PL31S-547 QPEN JUMPER . . [ > P\/\JQiCFG (1:0)
JUMPER OPEN R1G7 R131
JUMPER JUMPER TABLE TABLE
CONFIGURATION RESISTORS
PWR & S10 BLOCK Vie

SC315-548 A
ECG Analog PWA Schematic (15 of 15)



