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CE mark accordingly.

Warranty
Hewlett-Packard makes no warranty of any kind 
with regard to this material, included, but not 
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WARNING
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placed in service
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performance.
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by persons authorized by Hewlett-Packard, and

the electrical installation of the relevant room or 
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the instrument is used according to the 
instructions for use presented in this manual.
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0Safety Summary

Safety Symbols Marked on the Defibrillator

The following symbols are used on the defibrillator.

Please see Chapter 3, Performance Verification and Maintenance, for safety 
requirements that apply to the defibrillator.

On (Do not confuse with 1 Joule)    

Off (Standby)

On/Off

Ground

Shock hazard

Caution - See operating instructions

Meets IEC type BF leakage current requirements and is defibrillator protected. 

Meets IEC type CF leakage current requirements and is defibrillator protected.

Equipotential (rear of unit, adjacent to AC input)

Protective earth (ground)
iii
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0Conventions Used in This Manual

:DUQLQJ�VWDWHPHQWV�GHVFULEH�FRQGLWLRQV�RU�DFWLRQV�WKDW�FDQ�UHVXOW�LQ�SHUVRQDO�
LQMXU\�RU�ORVV�RI�OLIH�

Caution statements describe conditions or actions that can result in damage to the 
equipment or software.

Notes contain additional information on defibrillator usage.

 TEXT represents the messages that appear on the display.  

 represents keys on the front panel.  

 represents lighted indicators on the key panel.

:$51,1*

&$87,21

127(

NH\

/,*+7
iv
May 18, 2000 10:18 am DRAFT



0Preface

This manual contains service information for the HP M1722B CodeMaster XL+ 
Defibrillator/Monitor. If you are servicing one of the following defibrillators:

•  the M1722B (manufactured before June of 2000)

•  the M1722A

•  the M1723A/B

then you may use this guide with the understanding that:

•  The model M1723A/B is equivalent to the M1722B (without option A01).

•  The model M1722A/B is equivalent to the M1722B (with option A01).

This manual is organized as follows:

Chapter 1—Introduction.  Contains a general description of the defibrillators, lists of 
technical specifications, and lists of options and accessories.

Chapter 2—Setup and Configuration. Summarizes the defibrillator installation and 
explains how to configure the defibrillator for specific customer requirements.

Chapter 3—Performance Verification and Maintenance. Explains how to inspect, 
test, and verify the defibrillator’s performance using built-in tests, and lists maintenance 
procedures and safety requirements that apply to the defibrillator.

Chapter 4—Troubleshooting. Contains procedures and error codes to aid the service 
person in localizing faults to a replaceable subassembly.

Chapter 5—Removal and Replacement. Contains procedures for removing and 
replacing each of the defibrillator’s major subassemblies.

Chapter 6—Parts Lists. Lists part numbers for the defibrillator’s replaceable parts, and 
provides assembly drawings.

Chapter 7—Theory of Operation. Provides an overview of how the defibrillator works 
and describes the operation of the major subassemblies.

Appendix A—Appendix A Connector Pin Assignments. Identifies and defines the 
signals assigned to the subassembly interconnections.

Index.
v
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1Introduction 
This chapter introduces the CodeMaster XL+ M1722B Defibrillator/Monitor and lists the 
technical specifications. 

'DQJHURXV�YROWDJHV�FDSDEOH�RI�FDXVLQJ�LQMXU\�RU�GHDWK�DUH�SUHVHQW�DW�WKH�SDGGOHV�
RU�SDWLHQW�FDEOHV�GXULQJ�QRUPDO�RSHUDWLRQ��7KLV�GHILEULOODWRU�LV�WR�EH�XVHG�DQG�
VHUYLFHG�RQO\�E\�TXDOLILHG�SHUVRQQHO�

Operation of this device in the vicinity of high-powered transmitters or electrosurgical 
instruments may result in interference of the ECG display. 

Safe and effective use of medical instrumentation requires periodic inspection and 
preventive maintenance. Perform the preventive maintenance procedures in Chapter 3, 
Performance Verification and Maintenance, of this manual at the required intervals to 
ensure satisfactory instrument performance.

1The CodeMaster XL+ Defibrillator/Monitor

This instrument is a portable defibrillator/monitor powered by internal battery or AC 
power. It combines a 360-joule defibrillator, ECG monitor, and annotating strip chart 
recorder in a compact, light-weight package. Instrument features include crisis-oriented 
controls, fast charge, a real-time clock, interchangeable paddles, and automatic 
documentation of events. The monitor includes a 5-inch screen which displays the ECG, 
selected ECG source, heart rate, and messages and alerts. A microprocessor-based system 
rejects noise and artifact, and automatically stabilizes and restores baseline.

In addition, the XL+ Option A01 has adjustable heart rate alarms, patient contact indicator 
(PCI), recorder event marker, complete recorder annotation, event summary, and 3- and 5-
wire patient cable ECG capability. Oxygen saturation measurement (SPO2) is available as 
an option. Transcutaneous external pacing is also available as an option or field upgrade 
for the XL+. The optional 12-pin ECG input connector is compatible with the ECG patient 
cable. The XL+ can interface to the HP Central Station via an analog-only high-level ECG 
Out signal. Figure 1-1 shows the XL+ defibrillator.

The XL+ defibrillator fits onto the MTRO-OO336L cart. The cart features three drawers 
(with a latch/lock system) for storing suction pumps and other resuscitation equipment.

:$51,1*
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,QWURGXFWLRQ
7KH�&RGH0DVWHU�;/��'HILEULOODWRU�0RQLWRU
)LJXUH����

&RGH0DVWHU�;/��'HILEULOODWRU�0RQLWRU 1-1

The defibrillator is designed for long-term reliability. The modular design makes 
extensive use of VLSI and gate-array technology. The modular approach means less 
downtime for the user, due to the quick field repair times inherent in the subassembly 
replacement philosophy of repair. The built-in menu-driven tests efficiently aid in 
identifying faulty operation, further speeding the repair process.

MTRO-00336L Cart 

The MTRO-00336L Cart provides mobility for the CodeMaster defibrillator. The cart 
shell and drawers are constructed of a durable light-weight polymer material that will not 
corrode, rust, or dent. Built-in hand grips and 5-inch non-marring casters (two with 
brakes) provide easy maneuverability. The cart surfaces are smooth and stain-resistant, 
with rounded corners. Drawers can be removed without tools for thorough cleaning.
1-2
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,QWURGXFWLRQ
,QTXLULHV
1Inquiries

For questions or comments regarding these instruments, contact the nearest Sales/Service 
Office or one of the Service Dispatch Centers. Always identify the instrument by model 
number and serial number in all correspondence. Sales and service offices are listed at the 
end of this manual. Toll-free numbers for Service Dispatch Centers are listed in Chapter 6, 
Parts Lists.

1Specification Data 

The following tables list the technical specifications for the defibrillator and the mobile 
cart.

The main battery will be damaged if stored for extended periods at a temperature greater 
than 50° C.

7DEOH���� 3K\VLFDO�6SHFLILFDWLRQV�

3DUDPHWHU 6SHFLILFDWLRQ�

'LPHQVLRQV
�O�×�Z�×�K��

GHILEULOODWRU� �������×��������×�������������FP�×�������FP�×�������FP��

FDUW�� ����×�����×�������������FP�×������FP�×������FP��

:HLJKW

GHILEULOODWRU�� ���OEV������NJ�
��LQFOXGHV�H[WHUQDO�SDGGOHV��EDWWHU\��DQG�UHFRUGHU�SDSHU���

FDUW�� ���OEV������NJ��

&KHPLFDO�UHVLVWDQFH��FOHDQHUV� :LWKVWDQGV�WKH�IROORZLQJ��LVRSURS\O�DOFRKRO��H[FHSW�OHDGZLUHV�DQG�SDWLHQW�
FDEOH���PLOG�VRDS�DQG�ZDWHU��FKORULQH�EOHDFK�DQG�ZDWHU�����PO�O�RI�ZDWHU���

&$87,21

7DEOH���� (QYLURQPHQWDO�6SHFLILFDWLRQV

3DUDPHWHU 6SHFLILFDWLRQ�

7HPSHUDWXUH

RSHUDWLQJ� ���WR�����&������WR������)���

VWRUDJH� ²����WR�����&��²���WR������)��
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,QWURGXFWLRQ
6SHFLILFDWLRQ�'DWD
+XPLGLW\

RSHUDWLQJ� ���WR�����5+��QRQ�FRQGHQVLQJ�

VWRUDJH� ���WR�����5+��QRQ�FRQGHQVLQJ�

3UHVVXUH��DOWLWXGH�

RSHUDWLQJ� 7R��������IW��������P��

VWRUDJH� 7R��������IW��������P��

1Battery must be removed below 0° C (32° F) and above 45° C (113° F). 

7DEOH���� (OHFWULFDO�6SHFLILFDWLRQV

3DUDPHWHU 6SHFLILFDWLRQ�

'HILEULOODWRU

2XWSXW�HQHUJ\��GHOLYHUHG�� �������-����-�

�����-����-�

������-����-�

����������������������������DQG����-�������

:DYHIRUP� 'DPSHG�VLQXVRLGDO��/RZQ���

&KDUJH�FRQWURO� 3XVK�EXWWRQ�RQ�DSH[�SDGGOH�DQG�RQ�IURQW�SDQHO��

&KDUJH�WLPH��%DWWHU\�RSHUDWLRQ�� /HVV�WKDQ���VHFRQGV�WR�����MRXOHV��

$UPHG�LQGLFDWRUV� &KDUJH�GRQH�WRQH��FKDUJH�GRQH�ODPS�RQ�DSH[�SDGGOH��DQG�DYDLODEOH�HQHUJ\�LQGLFDWHG�RQ�GLVSOD\��

3DGGOH�FRQWDFW�LQGLFDWRU��3&,����2SWLRQ�$��� ��FRORU�/('�EDU�JUDSK�DUUD\�RQ�67(5180�SDGGOH�LQGLFDWHV�TXDOLW\�RI�GHILEULOODWRU�SDGGOH�FRQWDFW�
EHIRUH�GLVFKDUJH��

3DGGOHV� 6WDQGDUG�SDGGOHV�DUH�DQWHULRU�DQWHULRU��DGXOW�DQG�SHGLDWULF��$GXOW�HOHFWURGHV�����FP�VT��VOLGH�RII�
WR�H[SRVH�SHGLDWULF�HOHFWURGHV�����FP�VT���3DGGOH�FRUG�LV����IW���P���)XOO�UDQJH�RI�LQWHUQDO�SDGGOHV�
DUH�DYDLODEOH��

6\QFKURQL]HU� SYNC�PHVVDJH�DSSHDUV�RQ�PRQLWRU�DQG�LV�DQQRWDWHG�SHULRGLFDOO\�RQ�UHFRUGHU�ZKLOH�LQ�V\QFKUR�
QRXV�PRGH��$Q�DXGLEOH�EHHS�VRXQGV�ZLWK�HDFK�GHWHFWHG�5��ZDYH��ZKLOH�D�PDUNHU�RQ�WKH�PRQLWRU�
DQG�V\QF�GHVLJQDWRU�RQ�WKH�UHFRUGHU�VWULS�LQGLFDWH�WKH�GLVFKDUJH�SRLQW��

0RQLWRU�

,QSXWV� (&*�PD\�EH�YLHZHG�WKURXJK�SDGGOHV�RU�SDWLHQW�FDEOH��/HDG�,��,,��,,,��RU�3$''/(6�VHOHFWDEOH��$GGL�
WLRQDO�OHDGV��DY5��DY)��$Y/��9�/HDGV��DQG�3$'6�DUH�DYDLODEOH��2SWLRQ�$�����0RQLWRU�DQG�UHFRUGHU�
LQGLFDWH�VHOHFWHG�(&*�VRXUFH��

/HDG�IDXOW� LEADS OFF�PHVVDJH�DQG�GDVKHG�EDVHOLQH�DSSHDU�RQ�PRQLWRU�LI�D�OHDG�EHFRPHV�GLVFRQ�
QHFWHG��

7DEOH���� (QYLURQPHQWDO�6SHFLILFDWLRQV

3DUDPHWHU 6SHFLILFDWLRQ�
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,QWURGXFWLRQ
6SHFLILFDWLRQ�'DWD
&RPPRQ�PRGH�UHMHFWLRQ� /HDGV��≥����G%�DQG�3DGGOHV��≥���G%�PHDVXUHG�DV�SHU�$$0,�VWDQGDUGV�IRU�FDUGLDF�PRQLWRUV�
�(&�����

3DFH�SXOVH�UHMHFWLRQ� 7KH�SDFH�SXOVH�UHMHFWLRQ�DOJRULWKP�RI�WKLV�SURGXFW�PHHWV�WKH�UHTXLUHPHQWV�RI�6HFWLRQ���������
�3DFHPDNHU�3XOVH�5HMHFWLRQ�:LWKRXW�2YHU�8QGHUVKRRW��RI�$$0,�(&�����������&DUGLDF�0RQLWRUV��
+HDUW�5DWH�0HWHUV�DQG�$ODUPV���7KLV�SURGXFW�ZLOO�QRW�UHMHFW�SDFH�SXOVHV�DV�GHVFULEHG�LQ�6HFWLRQ�
���������3DFHPDNHU�3XOVH�5HMHFWLRQ�:LWK�2YHU�8QGHUVKRRW��RI�WKH�VDPH�GRFXPHQW�

'LVSOD\�VL]H�DQG�W\SH� ��LQFK�GLDJRQDO�������FP��&57�IRU���VHFRQGV�RI�(&*�GDWD�RQ�VFUHHQ��QRQ�IDGH��IL[HG�WUDFH��6FUROO�
LQJ�WUDFH�LV�VHOHFWDEOH��

6ZHHS�VSHHG� ���PP�VHF�QRPLQDO��

)UHTXHQF\�UHVSRQVH� ����WR����+]��

+HDUW�UDWH�GLVSOD\� 'LJLWDO�UHDGRXW�RQ�PRQLWRU�IURP����WR�����%30�

+HDUW�UDWH�DODUPV� 7KUHH�SDLUV�RI�KLJK�DQG�ORZ�KHDUW�UDWH�DODUP�OLPLWV�IURP����WR�����%30��2Q�2SWLRQ�$����OLPLWV�
DUH�FRQILJXUDEOH��

(&*�RXWSXW� ��9�P9��

3DWLHQW�FDEOH�OHQJWK� ���IW��

7KHUPDO�$UUD\�5HFRUGHU

(YHQW�VXPPDU\�
�2SWLRQ�$���

6WRUHV�DQG�SULQWV���VHFRQGV�RI�SUH�FULWLFDO�HYHQW�GDWD��DQG���VHFRQGV�RI�SRVW�FULWLFDO�HYHQW�GDWD�
IRU�XS�WR����HYHQWV��'DWD�LV�UHWDLQHG�DIWHU�XQLW�LV�WXUQHG�RII��

$QQRWDWHV� 7LPH��GDWH��+5��(&*�PRGH��HYHQW�PDUNHU��GHILEULOODWRU�PRGH��DQG�VHOHFWHG�HQHUJ\��$GGLWLRQDOO\��RQ�
;/���DFWXDO�GHOLYHUHG�HQHUJ\��SHDN�FXUUHQW��DQG�SDWLHQW�LPSHGDQFH��

6SHHG� ���PP�VHF��

3DSHU�VL]H� ���PP�E\����P������IW���

5HFRUGHU�PRGH� 0D\�EH�FRQILJXUHG�WR�DXWRPDWLFDOO\�GRFXPHQW�HYHQWV�DQG�(&*�GXULQJ�GHILEULOODWLRQ�HSLVRGHV��7KH�
UHFRUGHU�FDQ�EH�FRQILJXUHG�WR�UXQ�LQ�HLWKHU�UHDO�WLPH�RU�ZLWK�D���VHFRQG�GHOD\��

)UHTXHQF\�UHVSRQVH� ����WR����+]��$GGLWLRQDOO\��RQ�2SWLRQ�$��������²����+]�VHOHFWDEOH��

7DEOH���� (OHFWULFDO�6SHFLILFDWLRQV��&RQWLQXHG�

3DUDPHWHU 6SHFLILFDWLRQ�

7DEOH���� 3RZHU�DQG�%DWWHU\�6SHFLILFDWLRQV��

3DUDPHWHU 6SHFLILFDWLRQ

$&�/LQH�3RZHU�

/LQH�IUHTXHQF\� ���DQG����+]�

/LQH�YROWDJH� ���²����9�$&�������

%DWWHU\�

7\SH� 5HFKDUJHDEOH�VHDOHG�OHDG�DFLG����$K�����9�QRPLQDO��
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,QWURGXFWLRQ
6SHFLILFDWLRQ�'DWD
&KDUJH�WLPH� $SSUR[LPDWHO\���KRXUV�WR�����RI�IXOO�FDSDFLW\�����KRXUV�WR������FDSDFLW\��5HSHDWHG�
FKDUJLQJ�WR�OHVV�WKDQ������ZLOO�UHGXFH�XVHIXO�OLIH�RI�EDWWHU\��

&DSDFLW\� $SSUR[LPDWHO\�����KRXUV�RI�PRQLWRULQJ��RU����IXOO�HQHUJ\�GLVFKDUJHV��RU���KRXU�RI�PRQL�
WRULQJ�DQG�UHFRUGLQJ��

,QGLFDWRUV� ,OOXPLQDWHG�/('�LQGLFDWHV�EDWWHU\�LV�FKDUJLQJ��LOW BATTERY�PHVVDJH�DSSHDUV�RQ�
PRQLWRU�ZKHQ�OLPLWHG�EDWWHU\�FDSDFLW\�UHPDLQV��

7DEOH���� 3RZHU�DQG�%DWWHU\�6SHFLILFDWLRQV��

3DUDPHWHU 6SHFLILFDWLRQ

7DEOH���� ([WHUQDO�3DFHU��2SWLRQDO��

3DUDPHWHU 6SHFLILFDWLRQ

&XUUHQW�SXOVH�DPSOLWXGH� ���P$�WR�����P$�

3XOVH�ZLGWK� ���PVHF��

5DWH� ���SSP�WR�����SSP��

0RGHV� 'HPDQG�RU�IL[HG�UDWH��

5HIUDFWRU\�SHULRG� ���WR�≤���SSP������PVHF�������
!���WR�����SSP������PVHF�������

7DEOH���� 6S2��0RQLWRU��2SWLRQDO�

3DUDPHWHU 6SHFLILFDWLRQ

6S2��PHDVXUHPHQW 5DQJH����WR�����
$FFXUDF\�ZLWK�+3�����$�WUDQVGXFHU����VWDQGDUG�GHYLDWLRQ�

����WR�����������
����WR������������

$FFXUDF\�ZLWK�1HOOFRU�1�����,�����'�����'�����2[LEDQG�$�1��2[LEDQG�3�,�VHQ�
VRUV����VWDQGDUG�GHYLDWLRQ�

����WR����������

3XOVH�UDWH�PHDVXUHPHQW 5DQJH�����WR�����ESP�
$FFXUDF\�����
5HVROXWLRQ���ESP

$YHUDJLQJ 6S2��DQG�SXOVH�UDWH��DYHUDJHG�RYHU�HLJKW�EHDWV�

6S2��DODUP�OLPLWV 7KUHH�SUHVHW�OLPLWV������������������DQG��������
'HIDXOW�LV�DODUPV�RII�

7LPH�WR�DODUP $ODUP�ZLWKLQ����VHFRQGV�RI�6S2��YDOXH�GURSSLQJ�EHORZ�DODUP�VHWWLQJ�

7LPH�WR�YDOLG�QXPHULF 9DOLG����VHFRQGV�DIWHU�SRZHU�RQ�

5HFRYHU\�DIWHU�GHILEULOODWLRQ 9DOLG�QXPHULF����VHFRQGV�DIWHU�D�GLVFKDUJH
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,QWURGXFWLRQ
2SWLRQV�DQG�$FFHVVRULHV
1Options and Accessories

CodeMaster XL+ Defibrillator/Monitor 

These tables list the options and accessories available for the XL+ defibrillator/monitor.

,123�DOHUWV :DUQLQJ�PHVVDJHV�IRU�
6S2��FDEOH�RII
QRLV\�VLJQDO
ORZ�VLJQDO
OLJKW�LQWHUIHUHQFH

3XOVH�DPSOLWXGH�LQGLFDWRU ,QGLFDWHV�SXOVDWLOH�DFWLYLW\�

7DEOH���� 6S2��0RQLWRU��2SWLRQDO�

3DUDPHWHU 6SHFLILFDWLRQ

7DEOH���� 6KRFN�$GYLVRU\��2SWLRQDO�

3DUDPHWHU 6SHFLILFDWLRQV

$QDO\VLV�7LPH VHYHQ�WR�WHQ�VHFRQGV

2XWSXW�(QHUJ\��'HOLYHUHG� )DFWRU\�GHIDXOW�SURWRFRO����-�����-�����-

$QDO\VLV�&RQWURO 3XVK�EXWWRQ�RQ�IURQW�SDQHO

&KDUJH�7LPH /HVV�WKDQ���VHFRQGV�WR�����MRXOHV�ZLWK�EDWWHU\�SUHVHQW��/HVV�WKDQ����VHFRQGV�
WR�����MRXOHV�WR�$&�RQO\�

$UPHG�,QGLFDWRUV &KDUJH�GRQH�WRQH�DQG�DYDLODEOH�HQHUJ\�LQGLFDWHG�RQ�GLVSOD\

$GYLVRU\�(YHQW�6XPPDU\ 6WRUHV�DSSUR[LPDWHO\�����HYHQWV�DQG����(&*�VWULSV���'DWD�UHWDLQHG�DIWHU�
LQVWUXPHQW�WXUQHG�RII�

:DYHIRUP� 'DPSHG�VLQXVRLGDO��/RZQ�
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May 17, 2000 4:04 pm DRAFT



,QWURGXFWLRQ
2SWLRQV�DQG�$FFHVVRULHV
Country Options 

Each country option includes appropriate power cord, and language. Table 1-8 shows the 
configuration of each country option.

7DEOH���� &RXQWU\�2SWLRQ�&RQILJXUDWLRQV

2SWLRQ &RXQWU\ /DEHOV 8VHUV�0DQXDOV� 9ROWDJH� )UHTXHQF\� 3RZHU�&RUG��

$%$ 1RUWK�$PHULFD (QJOLVK (QJOLVK ��� �� ����86��1(0$������

$%% (XURSH (QJOLVK (QJOLVK ��� �� ����(852��,(&����

$%& &DQDGD )UHQFK )UHQFK ��� �� ����86��1(0$������

$%' *HUPDQ\ *HUPDQ *HUPDQ ��� �� ����(852��,(&����

$%( 6SDLQ 6SDQLVK 6SDQLVK ��� �� ����(852��,(&����

$%) )UDQFH )UHQFK )UHQFK ��� �� ����(852��,(&����

$%* $XVWUDOLD (QJOLVK (QJOLVK ��� �� ����$XVWUDOLD�

$%+ 1HWKHUODQGV 'XWFK 'XWFK ��� �� ����(852��,(&����

$%- -DSDQ -DSDQHVH -DSDQHVH ��� �� ����86��1(0$�����

$%. ,QWHUFRQ�(QJOLVK (QJOLVK (QJOLVK ��� �� ����(852��,(&����

$%/ &DQDGD (QJOLVK (QJOLVK ��� �� ����86��1(0$������

$%0 /DWLQ�$PHULFD 6SDQLVK 6SDQLVK ��� �� ����86��1(0$������

$%1 1RUZD\ 1RUZHJLDQ 1RUZHJLDQ ��� �� ����(852��,(&����

$%3 6ZLW]HUODQG *HUPDQ *HUPDQ ��� �� ����6ZLVV�

$%4 6ZLW]HUODQG )UHQFK )UHQFK ��� �� ����6ZLVV�

$%6 6ZHGHQ 6ZHGLVK 6ZHGLVK ��� �� ����(852��,(&����

$%8 8QLWHG�.LQJGRP (QJOLVK (QJOLVK ��� �� ����8.��%6������$�

$%; )LQODQG )LQQLVK )LQQLVK ��� �� ����(852��,(&����

$%< 'HQPDUN 'DQLVK 'DQLVK ��� �� ����'DQLVK�

$%= ,WDO\ ,WDOLDQ ,WDOLDQ ��� �� ����(852��,(&����

$&' 6ZLW]HUODQG (QJOLVK (QJOLVK ��� �� ����6ZLVV

$&4 6RXWK�$IULFD (QJOLVK (QJOLVK ��� �� ����(852��,(&����

$&6 (XURSH )UHQFK )UHQFK ��� �� ����(852��,(&����

$./ 7KDLODQG (QJOLVK (QJOLVK ��� �� ����8/6��1(0$������

$.0 &KLQD (QJOLVK (QJOLVK ��� �� ����&KLQD

$.9 6RXWK�$PHULFD 6SDQLVK 6SDQLVK ��� �� ����(852��,(&����

$�9 .RUHD (QJOLVK (QJOLVK ��� �� ����(852��,(&����
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,QWURGXFWLRQ
2SWLRQV�DQG�$FFHVVRULHV
$%� 6LQJDSRUH (QJOLVK (QJOLVK ��� �� �����%6������$

$%� +RQJ�.RQJ (QJOLVK (QJOLVK ��� �� �����%6������$

$%: %HOJLXP 'XWFK 'XWFK ��� �� ����(852��,(&���

$&� $UJHQWLQD 6SDQLVK 6SDQLVK ��� �� ����$5*��5HV���

$%:� %HOJLXP )UHQFK )UHQFK ��� �� ����(852��,(&���

$&- ,QGLD (QJOLVK (QJOLVK ��� �� ����%6��������$�

$&0 %HOJLXP *HUPDQ *HUPDQ ��� �� ����(852��,(&���

$&3 �$XVWULD *HUPDQ *HUPDQ ��� �� ����(852��,(&��

$.+ &KLOH 6SDQLVK 6SDQLVK ��� �� ����&(,��������

$.- ,VUDHO (QJOLVK (QJOLVK ��� �� ����6,���

$.< 3HUX 6SDQLVK 6SDQLVK ��� �� ����8/�����

$5� ,QGRQHVLD (QJOLVK (QJOLVK ��� �� ����(852��,(&��

$:% *UHHQODQG (QJOLVK (QJOLVK ��� �� ����65�������'�

$:& /DRV )UHQFK )UHQFK ��� �� ����8/�����

$:' 3DUDJXD\ 6SDQLVK 6SDQLVK ��� �� ����(852��,(&��

$:1 /\ELD (QJOLVK (QJOLVK ��� �� ����(852��,(&���

1See Table 1-9 and Table 1-10 for part numbers.
2CodeMaster AC input: 100 to 230 VAC, ±15%, 50 to 60 Hz.
3See Table 1-10 for part numbers.

7DEOH���� &RXQWU\�2SWLRQ�&RQILJXUDWLRQV��&RQWLQXHG�

2SWLRQ &RXQWU\ /DEHOV 8VHUV�0DQXDOV� 9ROWDJH� )UHTXHQF\� 3RZHU�&RUG��

7DEOH���� &RGHPDVWHU�;/���0����%��'RFXPHQWDWLRQ�3DUW�1XPEHUV�

&RXQWU\
8VHU�*XLGH
3DUW�1XPEHU

8VHU�&DUG
3DUW�1XPEHU

3DFHU�&DUG
3DUW�1XPEHU

&KHFNFDUG
3DUW�1XPEHU�

6S2��&RQFHSW�
*XLGH

6S2��6HQVRU�
*XLGH

(QJOLVK 0���������� 0���������� 0���������� 0����������� 0���������� 0����������

)UHQFK 0���������� 0���������� 0���������� 0����������� 0���������� 0����������

*HUPDQ 0���������� 0���������� 0���������� 0���������� 0���������� 0����������

'XWFK 0���������� 0���������� 0���������� 0����������� 0���������� 0����������

6SDQLVK 0���������� 0���������� 0���������� 0����������� 0���������� 0����������

,WDOLDQ 0���������� 0���������� 0���������� 0���������� 0���������� 0����������

6ZHGLVK 0���������� 0���������� 0���������� 0���������� 0���������� 0����������
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,QWURGXFWLRQ
2SWLRQV�DQG�$FFHVVRULHV
7DEOH����� 3RZHU�&RUG�3DUW�1XPEHUV�

-DSDQHVH 0���������� 0���������� 0���������� 0����������� 0���������� 0����������

1RUZHJLDQ 0���������� 0���������� 0���������� 0���������� 0���������� 0����������

)LQQLVK 0���������� 0���������� 0���������� 0���������� 0���������� 0����������

'DQLVK 0���������� 0���������� 0���������� 0����������� 0���������� 0����������

7DEOH���� &RGHPDVWHU�;/���0����%��'RFXPHQWDWLRQ�3DUW�1XPEHUV�

&RXQWU\
8VHU�*XLGH
3DUW�1XPEHU

8VHU�&DUG
3DUW�1XPEHU

3DFHU�&DUG
3DUW�1XPEHU

&KHFNFDUG
3DUW�1XPEHU�

6S2��&RQFHSW�
*XLGH

6S2��6HQVRU�
*XLGH

7DEOH����� &RGH0DVWHU�;/���0����%��6KRFN�$GYLVRU\�'RFXPHQWDWLRQ�

&RXQWU\
8VHU·V�*XLGH
�3DUW�1XPEHU

&RQFHSW�*XLGH
3DUW�1XPEHU

(QJOLVK 0���������� 0����������

)UHQFK 0���������� 0����������

*HUPDQ 0���������� 0����������

'XWFK 0���������� 0����������

6SDQLVK 0���������� 0����������

,WDOLDQ 0���������� 0����������

6ZHGLVK 0���������� 0����������

-DSDQHVH 0���������� 0����������

1RUZHJLDQ 0���������� 0����������

)LQQLVK 0���������� 0����������

'DQLVK 0���������� 0����������

3RZHU�&RUG�.H\ +3�3DUW�1XPEHU�

��� ���������

��� ����������

��� ���������

��� ���������

��� ���������

��� ����������

��� ����������
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,QWURGXFWLRQ
2SWLRQV�DQG�$FFHVVRULHV
Pacing Option—A01 Plus Package
• Paddle set with PCI
• 5-Lead ECG capability
• Configurable heart rate alarms
• Event review

C02 Option

Add Pacing

SpO2 Option

 Paddles and Pad Options

C62 Add SpO2

C73 SpO2 adult finger tip sensor, reusable (M1190A)

C74 Adaptor cable for Nellcor sensors (M1900B)

C13 Delete Standard Ant/Ant Paddles
C14 Add Internal Paddle Adapter Cable
C15 Add 7.5 cm Internal Paddles (switchless) 
C16 Add 6.0 cm Internal Paddles (switchless)
C17 Add 4.5 cm Internal Paddles (switchless)
C18 Add 2.8 cm Internal Paddles (switchless) 
C20 Add Adhesive Pads Adapter 
C21 Add Adhesive Pads
C24 Add Sterilizable External Paddle Set
C25 Add Paddle Contact Indicator (PCI)
C26 Add 7.5 cm Internal Paddles (switched) 
C27 Add 6.0 cm Internal Paddles (switched)
C28 Add 4.5 cm Internal Paddles (switched)
C29 Add 2.8 cm Internal Paddles (switched) 
1-11
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,QWURGXFWLRQ
2SWLRQV�DQG�$FFHVVRULHV
ECG Cable/Connector Options 

Defibrillator Case Color 

Hardware Options

Shock Advisory Option  

Multifunction Electrodes 

Upgrade Program 

Sync Cable Options 

C30 Substitute 6-pin AAMI ECG connector; includes 6-pin 3-wire AHA cable 
C31 Substitute 6-pin AAMI ECG connector; includes 6-pin 5-wire AHA cable 

(Option A01 only) 
C32 Substitute 12-pin HP CMS ECG connector; includes 12-pin 3-wire AHA 

cable 
C33 Substitute 12-pin HP CMS ECG connector; includes 12-pin 5-wire AHA 

cable (Option A01 only) 
C34 Substitute 12-pin HP CMS ECG connector; includes 12-pin 3-wire IEC 

cable 
C35 Substitute 12-pin HP CMS ECG connector; includes 12-pin 5-wire IEC 

cable (Option A01 only) 
C36 Substitute 8-pin 5-wire AHA ECG cable (Option A01 only) 
C37 Substitute 8-pin 5-wire IEC ECG cable (Option A01 only)

048 Parchment White
049 High Visibility Yellow

C50 Add Swivel Wall-Mount Hardware 
C51 Add Carrying Case 
C52 Add Accessory Pouch

C80 Add Shock Advisory

C81 Multifunction Pediatric Defibrillator Electrode
C82 Multifunction Adult Defibrillator Electrode

085 Defibrillator Upgrade Program

J01 Add 8-pin Sync Cable 
J02 Add 6-pin AAMI Sync Cable 
J03 Add 12-pin HP CMS Sync Cable 
1-12
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,QWURGXFWLRQ
2SWLRQV�DQG�$FFHVVRULHV
Documentation Options 

Standard Accessories Supplied 

o CodeMaster XL+ Users Guide (M1722A/B and M1723A/B) 

o CodeMaster XL+ Series Quick Reference Card (M1722A/B and M1723A/B) 

o ECG Patient Cable (language/country specific)—M1733A/M1735A

o Disposable Electrodes—HP 14445C 

o 1 roll, Thermal Paper—HP 40457C 

Cart 

Warranty

0B3 Service Manual (English only) 
0BP In-Service Training Video (VHS-NTSC) 
0BQ In-Service Training Video (VHS-PAL) 
0BR Service Training Video (VHS-NTSC) 
0BS Service Training Video (VHS-PAL)

MTRO-00336L Add Cart 

W07 5 years warranty on-site
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,QWURGXFWLRQ
2SWLRQV�DQG�$FFHVVRULHV
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2Setup and Configuration
30 

 refer 

, may 
2Introduction 

This chapter covers setting up and configuring the CodeMaster XL+ Defibrillator/
Monitor. If you are a Hewlett-Packard service representative, this information provides a 
factory-recommended process to use when assisting customers. The configuration 
information guides you through the setup menus, and describes configuration choices.

2Setup

The defibrillator is ready for operation when the following tasks have been properly 
performed:

o Install battery. 

o Charge battery (for 24 hours).

o Install paper.

o Make sure that the paddle set connector is seated and locked. 

o Select configuration settings; set date and time. 

Line Voltage Settings

The defibrillator automatically adjusts to the line voltage that is supplied (from 100–2
VAC ±15% at 50/60 Hz). No manual setting or adjustment is required.

Installing and Charging the Battery 

This procedure describes installing the battery for the first time. To replace a battery,
to the battery replacement procedure in Chapter 5, Removal and Replacement.

The defibrillator operates from either battery or AC power.

Use only HP battery assembly M1758A. The use of a non-HP recommended battery
induce a problem and void the product warranty.

127(
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
7R�DYRLG�WKH�SRVVLELOLW\�RI�KD]DUGRXV�HOHFWULFDO�VKRFN��XQSOXJ�WKH�LQVWUXPHQW�
IURP�WKH�$&�SRZHU�VRXUFH�EHIRUH�LQVWDOOLQJ�RU�UHSODFLQJ�WKH�EDWWHU\��

)LJXUH����

$FFHVVLQJ�WKH�%DWWHU\�&RPSDUWPHQW 2-1

A Battery compartment door.

B Retaining screws (  turn). 

C Bottom side of defibrillator. 

D AC power receptacle.

E Equipotential connector. 

:$51,1*
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
)LJXUH�����

,QVWDOOLQJ�WKH�%DWWHU\� 2-2

A Battery. 

B Battery compartment. 

C Battery plug. 

D Battery connector. 

To install the battery:

1 Turn the instrument upside down.

2 Open the defibrillator battery compartment by turning the two -turn screws on the 
battery door  turn counter clockwise (as shown in Figure 2-1); then, lift off the battery 
door.

3 Align the polarized battery plug with the battery connector located inside the battery 
compartment (as shown in Figure 2-2). Be sure to match the keying. 

4 Push the plug into the connector until the plug is locked. 

5 Gently lower the battery into the battery compartment until completely seated. 

1
4
---

1
4
---
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
6 Route the battery cable between the battery and the compartment wall, so the cable will 
not be caught between the compartment door and the case. 

7 Replace the battery door and secure it by turning the two retaining screws turn, 
clockwise. 

8 Turn the instrument right side up. 

9 Connect the power cord to the defibrillator, then plug the cord into an AC outlet. The 
green  and  indicators on the front panel should light up. (The 

 indicator lights when the instrument is plugged into AC power; the 
 indicator is on when the battery is installed and the instrument is plugged 

into AC power.) 

To ensure full battery capacity, charge the battery for 24 hours following its installation in 
the defibrillator. 

If the defibrillator will be stored for longer than one month without AC power, remove the 
battery from the unit. Note on the instrument that the battery has been removed. After an 
extended storage period, the battery should be tested using the battery capacity check. See 
Chapter 3, Performance Verification and Maintenance.

1
4
---

$&�32:(5 %$77�&+5*
$&�32:(5
%$77�&+5*

127(
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
Loading the Recorder Paper

The defibrillator recorder uses two-inch wide, thermal paper (40457C/D). To load the 
paper:

1 Slide the recorder door toward the right side of the defibrillator until the paper platen 
tilts up. 

2 Pull up on the plastic removal tag to remove the old paper roll, if one is present. 

3 Unroll about six inches of paper on the new roll; turn the paper roll so that the grid side 
of the unrolled paper is on the bottom (facing downward). 

4 Place the roll of thermal paper in the recorder so that the grid side of the paper will face 
the print head in the recorder. 

5 Pull the free end of the paper upward and over the recorder platen. (See Figure 2-3).

6 While holding the recorder door open (to the right), press the platen down to its normal 
(closed) position. 

7 Release the recorder door, allowing it to close over the platen. 

8 Place the free end of the paper on the left side of the recorder. The grid side should be 
visible (facing up). 
2-5
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
)LJXUH����

/RDGLQJ�WKH�3DSHU 2-3

A  Recorder Door.

B Paper Platen.

C Paper.

$

&
%

2-6
May 17, 2000 4:04 pm DRAFT



6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
Connecting Paddles, Patient Cables and SpO2 sensors

The defibrillator has a paddles connector (defibrillator connector) for attaching pads/
paddles sets and the ECG Input connector for attaching leads. It also has an optional SpO2 
connector for attaching SpO2 sensors. 

Defibrillator Connector 

The defibrillator connector accepts external paddles, external adhesive pads, or internal 
paddles. The next three figures show these paddles and pads.

)LJXUH����

([WHUQDO�3DGGOH�6HW� 2-4

A Adult/Pediatric Anterior/Anterior paddle set. (M1746A/B, M1747A/B)

B Standard external (adult) paddle. (M1746-62802)

C Adult adaptor release latch.

The standard external paddles set also includes pediatric paddles. To expose the pediatric 
paddle set, depress the release latch at the front of a paddle while pulling forward on the 
adult paddle surface. This will remove the adult paddle contact surface and uncover the 
smaller pediatric contact surface.
2-7
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS

with 
)LJXUH�����

3DGV�$GDSWHU�&DEOH�DQG�([WHUQDO�$GKHVLYH�3DGV 2-5

A Pads adapter cable—9 ft. in length (HP M1750A/B). This cable is not compatible 
the internal paddles set shown in Figure 2-6. 

B External adhesive pads. 
M3501A - adult AAMI
M3502A - adult IEC
M3503A - pediatric IEC
M3504A - pediatric AAMI
2-8
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
)LJXUH����

,QWHUQDO�3DGGOHV 2-6

A Internal paddles adapter cable—1 ft. in length. (M1740A/B)

B Internal paddle set.
(M1741A)
(M1742A)
(M1743A)
(M1744A)
2-9
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS

ve 

brilla-
Table 2-1 lists the paddles sets, adapter cables, and their part numbers.

You may configure the instrument to make PADDLES (PADS) the 
default monitoring source at power-on. This choice is available in setup menu 2. 
See “Configuration” on page 2-16.

Connecting Paddles or Pads. To connect external paddles, internal paddles, or adhesi
pads to the defibrillator, perform the following steps:

1 Slide the paddle connector lock on the paddles plug to the unlock position. To do this, 
push the lock in the direction shown by the arrow in Figure 2-7. 

2 Insert the paddles/pads adapter cable plug into the paddles connector on the defi
tor, as shown in Figure 2-8. 

7DEOH���� 3DGGOHV�3DGV�6HWV��$GDSWHU�&DEOHV�IRU�'HILEULOODWRU�&RQQHFWRU

'HVFULSWLRQ 3�1� �$SSOLFDWLRQ�

(;7(51$/�3$''/(6� '��6��0�

,QWHJUDWHG�FDEOH�SDGGOHV�VHW��6WDQGDUG�ZLWK�LQVWUXPHQW�
&RGH0DVWHU�;/���ZLWK�3&,���2SWLRQ�$���
&RGH0DVWHU�;/���ZLWKRXW�3&,��

0����$�%
0����$�%

,17(51$/�3$''/(6 '�

,QWHUQDO�SDGGOHV�DGDSWHU�FDEOH�
6ZLWFKOHVV�LQWHUQDO�SDGGOH�VHW

����FP�
����FP�
����FP�
����FP�

6ZLWFKHG�LQWHUQDO�SDGGOH�VHW
����FP�
����FP�
����FP�
����FP�

0����$�%�

0����$�
0����$�
0����$�
0����$

0����$
0����$
0����$
0����$

(;7(51$/�$'+(6,9(�3$'6 '��6��0��3�

3DGV�DGDSWHU�FDEOH��
$GXOW�PXOWLIXQFWLRQ�SDGV��$$0,��
$GXOW�PXOWLIXQFWLRQ�SDGV��,(&��
3HGLDWULF�PXOWLIXQFWLRQ�SDGV��,(&��
3HGLDWULF�PXOWLIXQFWLRQ�SDGV��$$0,��

0����$�%�
0����$
0����$
0����$
0����$

1Parts numbered with an A and B suffix are identical except that a part ordered has a
different colored connector.
   A. Parchment White
   B. Yellow
2Application key: D = Defibrillation, S = Synchronized cardioversion,

M = Monitoring, P = Pacing. 
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
Do not insert the plug into the connector without unlocking the connector lock (see step 
1). If you do not unlock the connector lock before inserting the plug, the locking 
mechanism may be disengaged. 

3 Slide the paddle connector lock to the lock position, to latch the plug in place. 

)LJXUH����

2SHQLQJ�/RFN� 2-7

A Paddles Plug. 

B Connector Lock. Push the lock in the direction indicated by the arrow to move the lock 
to the unlock position (shown). 

&$87,21
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
)LJXUH����

&RQQHFWLQJ�([WHUQDO�3DGGOHV��,QWHUQDO�3DGGOHV��RU�3$'�DGDSWHU�&DEOH 2-8

A  Paddles Plug in Paddles Connector. 

B Connector Lock. Push the lock in the direction indicated by the arrow to move the lock 
to the lock position (shown).
2-12
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
ECG Input Connector 

The ECG Input connector on the defibrillator is a 6-, 8-, or 12-pin connector, depending 
on the option purchased with the instrument. For each connector option, several different 
patient cables can be used for various ECG sources and applications. Figure 2-9 shows an 
example of a patient cable.

)LJXUH�����

$Q�(&*�3DWLHQW�&DEOH� 2-9
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
Table 2-2 lists available patient cables and lead sets, and their part numbers.

3 wire = RA, LA, LL 
5 wire = RA, RL, LA, LL + V (C)

Connecting a Patient Cable . The 3-wire or 5-wire patient cable connects to the ECG 
Input connector located on the front of the defibrillator, behind the carrying handle. The 
patient cable plug has 6-, 8-, or 12-pins. Before connecting the patient cable, make sure 
that the pin count of the patient cable plug matches the pin count of the ECG Input 
connector. To connect the patient cable:

1 Align the keyed cable plug with the slot in the ECG Input connector. See Figure 2-10. 

2 Push the cable plug firmly into the ECG Input connector. 

When a lead is selected for monitoring, the message LEADS OFF appears on the display 
if the patient cable falls off or is incorrectly connected. Also, a dashed line appears on the 
display in place of an ECG trace.

7DEOH���� 3DWLHQW�&DEOHV�DQG�/HDG�6HWV

3DWLHQW�&DEOHV��/HDGV��/HDG�6HWV 3DUW�1XPEHU

��3LQ�3DWLHQW�&DEOHV��$+$�RQO\��

��ZLUH� 0����$�

��ZLUH� 0����$

��3LQ�3DWLHQW�&DEOHV�

$+$���ZLUH� 0����$

$+$���ZLUH� 0����$�

,(&���ZLUH� 0����$�

,(&���ZLUH� 0����$�

���3LQ�3DWLHQW�&DEOHV��D�WUXQN�FDEOH�DQG�D�PDWFKLQJ�OHDG�VHW� 7UXQN�&DEOH�/HDG�6HW�3DUW�1XPEHU�

$+$���ZLUH� 0����$�0����$

$+$���ZLUH� 0����$�0����$�

,(&���ZLUH� 0����$�0����$�

,(&���ZLUH� 0����$�0����$�

127(
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6HWXS�DQG�&RQILJXUDWLRQ
6HWXS
)LJXUH�����

&RQQHFWLQJ�D�3DWLHQW�&DEOH� 2-10

A ECG Input connector with key slot.

B Keyed plug of patient cable.

SpO2 Connector

You can attach the HP M1190A SpO2 sensor or the M1900B adaptor cable to the SpO2 
connector. Refer to the Sensor Guide (M1722-93970) for available sensors.

Connecting an SpO2 Sensor. The M1190A SpO2 sensor and the M1900B adaptor cable 
attach to the SpO2 connector on the front of the defibrillator to the right of the carrying 
handle. The connector and the end of the cable are color-coded blue. To connect the cable, 
align the keyed cable plug with the slot on the connector as shown in Figure 2-11, and 
push the plug firmly into the connector.
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6HWXS�DQG�&RQILJXUDWLRQ
&RQILJXUDWLRQ
)LJXUH�����

&RQQHFWLQJ�DQ�6S2��6HQVRU 2-11

2Configuration

The defibrillator is designed to provide custom operation. Configuration settings let the 
user program the defibrillator for the most useful and efficient operation. Defibrillator 
configuration is set at the factory, but should be checked by the technician at initial setup 
and changed, as desired.

This section describes how to display, print, or change the defibrillator configuration 
settings and the current date and time.
2-16
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6HWXS�DQG�&RQILJXUDWLRQ
&RQILJXUDWLRQ

t 
Displaying the Setup/Diagnostic Menu 

To display the setup/diagnostic menu, press both the  and  keys while 
turning the Energy Select control from the Off (Standby) to Monitor On position. A 
display with a list of choices appears. Figure 2-12 shows the items on the menu.

)LJXUH�����

6HWXS�'LDJQRVWLF�0HQX� 2-12

The pacer test is displayed on the menu only if the pacer option is installed. 

6\QF +5�$ODUP

SETUP/DIAGNOSTIC MENU
CALIBRATE DEFIB (last calibration date)
SETUP MENU 1 (last setup date)
SETUP MENU 2
RESTORE FACTORY SETTINGS
PRINT LOG
TEST DEFIB
TEST ECG
TEST CRT
TEST RECORDER
TEST CONTROLS
TEST INDICATORS
TEST BATTERY
TEST PACER

TURN OFF TO EXIT DIAGNOSTIC

127(

Calibrates the defibrillator. The date when calibration 
was last performed is normally shown to the right. The 
date disappears if the stored value that the defibrillator 
test measures is lost. In either case, performing 
defibrillator calibration puts the test date on the menu. 
See “Setup/Diagnostic Menu Tests” on page 3-6 for tes
information. 

CALIBRATE DEFIB
2-17
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6HWXS�DQG�&RQILJXUDWLRQ
&RQILJXUDWLRQ

). 

). 

t-

 

Displays setup menu 1 or 2. The date when either menu 
was last displayed is normally shown to the right of 

. When factory defaults are 
restored by the user or because configuration is lost, no 
date is displayed. Displaying either menu puts the date 
on the menu. 

Changes the configuration settings in the setup menus 
back to the factory default settings. Exceptions are: 

•  on setup menu 1 (maintains 
selected language). 

• System date on setup menu 1 (remains unchanged

• System time on setup menu 1 (remains unchanged

•  date is cleared. 

• Stored calibration value (maintains last value mea-
sured by Defibrillator Calibration; See “Setup/Diag-
nostic Menu Tests” on page 3-6 for test 
information.) 

• Shock counter (maintains current count; see “The 
System Log” on page 4-4 for more information.) 

• System (error) log (maintains current system log 
data; see “The System Log” on page 4-4 for more 
information.) 

See Figure 2-13 and Figure 2-14 for factory default se
tings information.

Prints the system (error) log. See “The System Log” on
page 4-4 for more information. 

 
These menu items test defibrillator operation. See 
“Setup/Diagnostic Menu Tests” on page 3-6 for test 
information. 

SETUP MENU 1

SETUP MENU 2 SETUP MENU 1

RESTORE FACTORY 
SETTINGS

LANGUAGE

SETUP MENU 1

PRINT LOG

TEST xxxx
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6HWXS�DQG�&RQILJXUDWLRQ
&RQILJXUDWLRQ
Displaying/Printing Configuration Settings 

To display or print the configuration settings, follow the steps described in Table 2-3.

The  key has both up and down arrows; pressing s moves the highlight up, 
and pressing t moves the highlight down.

7DEOH���� 'LVSOD\LQJ�3ULQWLQJ�D�&RQILJXUDWLRQ�6HWWLQJ

'HVFULSWLRQ 3URFHVV�

'LVSOD\�WKH�VHWXS�GLDJQRVWLF�
PHQX

3UHVV�ERWK�WKH� �DQG� �NH\V�ZKLOH�WXUQLQJ�WKH�(QHUJ\�
6HOHFW�FRQWURO�IURP�2II��6WDQGE\��WR�WKH�0RQLWRU�2Q�SRVLWLRQ��

+LJKOLJKW�WKH�VHWXS�PHQX
3UHVV� �RU� �WR�PRYH�WKH�KLJKOLJKW�RYHU�

�RU� ��

'LVSOD\�WKH�VHWXS�PHQX 3UHVV� �WR�VHOHFW�WKH�KLJKOLJKWHG�PHQX��7KH�GLVSOD\�FKDQJHV�WR�
VKRZ�WKH�FRQILJXUDWLRQ�VHWWLQJV�LQ�WKH�VHWXS�PHQX�\RX�VHOHFWHG��7KH�FRQILJXUD�
WLRQ�VHWWLQJV�OLVWHG�LQ�HDFK�VHWXS�PHQX�DUH�VKRZQ�LQ�)LJXUH������DQG�)LJXUH���
����

3ULQW�WKH�FXUUHQW�FRQILJXUDWLRQ�
VHWWLQJV

3UHVV� ��7KH�UHFRUGHU�SULQWV�WKH�FXUUHQW�VHWWLQJV�IRU�ERWK�VHWXS�
PHQXV��

([LW�WKH�VHWXS�PHQX 3UHVV�ERWK�DUURZV�RQ�WKH� �NH\��VLPXOWDQHRXVO\��WR�UHWXUQ�WR�
WKH�PDLQ�VHWXS�GLDJQRVWLF�PHQX��

([LW�VHWXS�GLDJQRVWLF�PHQX 7XUQ�(QHUJ\�6HOHFW�WR�WKH�2II��6WDQGE\��SRVLWLRQ�WR�H[LW�WKH�VHWXS�GLDJQRVWLF�
PHQX��

6\QF +5�$ODUP

(&*�6L]H (&*�6L]H

SETUP MENU 1 SETUP MENU 2

/HDG�6HOHFW

5HFRUG

(&*�6L]H

127( (&*�6L]H
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6HWXS�DQG�&RQILJXUDWLRQ
&RQILJXUDWLRQ
)LJXUH�����

&RQILJXUDWLRQ�'HIDXOW�6HWWLQJV³6HWXS�0HQX�� 2-13

*These values are fixed, not configurable, and not displayed for the CodeMaster XL.

The pacer information is displayed only if the pacer option is installed. 

LANGUAGE ENGLISH
UPPER ALARMS 120*     140*     160*
LOWER ALARMS 40*      60*      90* 

TIME HH:MM 00    00
DATE  DD MMM YY 01    JAN       00
CHARGE DONE TONE ON
CRT ALERTS ON
ALERT VOLUME 15
MODE AFTER CV SYNC

PACER RATE 70
PACER OUTPUT 30

127(
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6HWXS�DQG�&RQILJXUDWLRQ
&RQILJXUDWLRQ
)LJXUH�����

&RQILJXUDWLRQ�'HIDXOW�6HWWLQJV³6HWXS�0HQX��� 2-14

 *Not shown for CodeMaster XL+ without Option A01. Note that for the Codemaster 
XL+ without Option A01, RECORD ON MARK is fixed ON, POST SHOCK DATA is fixed 
OFF, and only the 3-wire paddle set is supported. To return to the main setup/diagnostic 
menu, press both arrows on the  key, simultaneously.

To exit the menus, turn the Energy Select control to the Off (Standby) position.

RECORDER DELAY 6 S DELAY 
RECORDER BW MONITOR 
ADVISORY ENERGY 200   200   360
RECORD ON MARK ON* 
RECORD ON CHARGE ON 
RECORD ON SHOCK ON 
RECORD ON ALARMS ON 
POST SHOCK DATA ON* 

POWER ON LEAD PADDLES 
PATIENT CABLE 3 WIRE* 
NOTCH FILTER 60 HZ       ON 
ECG TRACE SWEEP

(&*�6L]H
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6HWXS�DQG�&RQILJXUDWLRQ
&RQILJXUDWLRQ
Changing Configuration Settings 

To change a configuration setting or to change the current date, use the process described 
next.

7KH�VHWWLQJ�YDOXHV�RI�VRPH�FRQILJXUDWLRQ�VHWWLQJV�FDQ�KDYH�FULWLFDO�LPSDFW�RQ�
KRZ�\RXU�GHILEULOODWRU�RSHUDWHV��%HFDXVH�RI�WKLV��LW�LV�UHFRPPHQGHG�WKDW�WKH�
ELRPHGLFDO�GHSDUWPHQW�VWDQGDUGL]H�RQ�D�FRQILJXUDWLRQ�IRU�DOO�GHILEULOODWRUV�DW�WKH�
VDPH�IDFLOLW\�

,I�WKH�GHILEULOODWRU�ORVHV�\RXU�FRQILJXUDWLRQ�VHWWLQJV��LW�ZLOO�GLVSOD\�WKH�PHVVDJH�
SETUP LOST�RQ�WKH�VFUHHQ�DQG�XVH�WKH�IDFWRU\�VHWWLQJV�IRU�DOO�VHWXS�YDOXHV��7R�
FOHDU�WKH�SETUP LOST�PHVVDJH��GLVSOD\�VHWXS�PHQX���RU�VHWXS�PHQX����7KH�
�6HWXS�/RVW��FRQGLWLRQ�ZLOO�EH�FOHDUHG�ZKHQ�\RX�YLHZ�WKH�VHWXS�PHQXV��<RX�GR�
QRW�KDYH�WR�FKDQJH�WKH�YDOXHV�LI�\RX�ZDQW�WR�NHHS�WKH�IDFWRU\�VHWWLQJV�

Table 2-5 and Table 2-6 show the configuration items and list possible settings. You can 
change the settings back to the default settings by selecting 

:$51,1*

7DEOH���� &KDQJLQJ�D�&RQILJXUDWLRQ�6HWWLQJ

'HVFULSWLRQ 3URFHVV

'LVSOD\�WKH�VHWXS�GLDJQRVWLF�PHQX 3UHVV�ERWK�WKH� �DQG� �NH\V�ZKLOH�WXUQLQJ�WKH�(QHUJ\�
6HOHFW�FRQWURO�IURP�2II��6WDQGE\��WR�WKH�0RQLWRU�2Q�SRVLWLRQ�

+LJKOLJKW�WKH�VHWXS�PHQX
3UHVV� �RU� �WR�PRYH�WKH�KLJKOLJKW�RYHU�

�RU� ��

7KH�FRQILJXUDWLRQ�VHWWLQJV�OLVWHG�LQ�HDFK�VHWXS�PHQX�DUH�VKRZQ�LQ�)LJXUH�
�����DQG�)LJXUH������

'LVSOD\�WKH�VHWXS�PHQX 3UHVV� �WR�VHOHFW�WKH�KLJKOLJKWHG�PHQX��7KH�GLVSOD\�
FKDQJHV�WR�VKRZ�WKH�FRQILJXUDWLRQ�VHWWLQJV�LQ�WKH�VHWXS�PHQX�\RX�
VHOHFWHG�

+LJKOLJKW�WKH�VHWWLQJ�\RX�ZDQW�WR�
FKDQJH

3UHVV� �RU� �XQWLO�WKH�KLJKOLJKW�DSSHDUV�RQ�
WKH�VHWWLQJ�\RX�ZLVK�WR�FKDQJH�

6HOHFW�WKH�KLJKOLJKWHG�VHWWLQJ 3UHVV� �

6FUROO�WKURXJK�WKH�SRVVLEOH�VHWWLQJV 3UHVV� �RU� �

6HOHFW�WKH�VHWWLQJ :KHQ�WKH�FKRLFH�\RX�ZDQW�LV�GLVSOD\HG��SUHVV� �WR�VHW�
\RXU�FKRLFH��5HSHDW�WKLV�SURFHVV�WR�FKDQJH�DQRWKHU�FRQILJXUDWLRQ�VHWWLQJ��
LI�GHVLUHG�

([LW�WKH�VHWXS�PHQX 3UHVV�ERWK�DUURZV�RQ�WKH� �NH\��VLPXOWDQHRXVO\��WR�UHWXUQ�
WR�WKH�PDLQ�VHWXS�GLDJQRVWLF�PHQX�

6WRUH�VHWWLQJV�DQG�H[LW�VHWXS�GLDJ�
QRVWLF�PHQX

7XUQ�(QHUJ\�6HOHFW�WR�WKH�2II��6WDQGE\��SRVLWLRQ�WR�VWRUH�\RXU�VHWWLQJ�
FKDQJHV�LQ�PHPRU\�DQG�H[LW�WKH�PHQXV�

6\QF +5�$ODUP

(&*�6L]H (&*�6L]H

SETUP MENU 1 SETUP MENU 2

/HDG�6HOHFW

(&*�6L]H (&*�6L]H

/HDG�6HOHFW

(&*�6L]H (&*�6L]H

/HDG�6HOHFW

(&*�6L]H
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6HWXS�DQG�&RQILJXUDWLRQ
&RQILJXUDWLRQ

ault 

 on the setup/diagnostic menu. See “Displaying/

Printing Configuration Settings” on page 2-19 for information on restoring factory def
settings.

RESTORE FACTORY SETTINGS

7DEOH���� &RQILJXUDWLRQ�6HWWLQJV³6HWXS�0HQX��

&RQILJXUDWLRQ�,WHP 6HWWLQJ�&KRLFHV &RPPHQWV

/DQJXDJH (QJOLVK��6SDQLVK��,WDOLDQ��*HUPDQ��)UHQFK��
6ZHGLVK��'XWFK��)LQQLVK��'DQLVK��1RUZH�
JLDQ��-DSDQHVH

6HOHFWV�WKH�ODQJXDJH�IRU�SULQWHG�DQG�GLVSOD\HG�WH[W��

8SSHU�$ODUPV� )URP�ORZHU�DODUP�OLPLW�WR������LQ�LQFUH�
PHQWV�RI��

6HWV�WKUHH�XSSHU�KHDUW�UDWH�OLPLWV��

/RZHU�$ODUPV� )URP����WR�XSSHU�DODUP�OLPLWV��LQ�LQFUH�
PHQWV�RI��

6HWV�WKUHH�ORZHU�KHDUW�UDWH�OLPLWV��,Q�QRUPDO�RSHUDWLRQ��RQH�
VHW�RI�OLPLWV�LV�GLVSOD\HG�DQG�\RX�FDQ�F\FOH�WKURXJK�WKH�
WKUHH�OLPLWV�VHWV�WR�VHOHFW�WKH�VHW�\RX�ZDQW��7KH�ILUVW�VHW�
FRQVLVWV�RI�WKH�XSSHU�DQG�ORZHU�OLPLWV�VKRZQ�RQ�WKH�OHIW�LQ�
VHWXS�PHQX����7KH�VHFRQG�VHW�LV�WKH�PLGGOH�VHWWLQJ�IRU�HDFK�
OLPLW��7KH�WKLUG�VHW�FRQVLVWV�RI�WKH�VHWWLQJV�IRU�HDFK�OLPLW�
VKRZQ�RQ�WKH�ULJKW��

7LPH KK�PP 6HWV�WKH�FXUUHQW�WLPH��

'DWH GG�PPP�\\ 6HWV�WKH�FXUUHQW�GDWH�

&KDUJH�'RQH�7RQH 2Q�RU�2II
)RU� ��WKH�GHILEULOODWRU�VRXQGV�D�FRQWLQXRXV�WRQH�ZKLOH�
LW�LV�DUPHG�

&57�$OHUWV 2Q�RU�2II
)RU� ��WKH�GHILEULOODWRU�EHHSV�WKUHH�WLPHV�ZKHQ�DQ\�

&57�$OHUW�PHVVDJH�LV�GLVSOD\HG�� �WXUQV�RII�&57�
DOHUWV��

$OHUW�9ROXPH ��WR�����ORXGHVW� 6HOHFWV�WKH�YROXPH�RI�&57�$OHUWV�DQG�+5�$ODUPV��

0RGH�DIWHU�&9 6\QF�RU�'HILE 6HOHFWV�WKH�GHILEULOODWRU�PRGH�DIWHU�FDUGLRYHUVLRQ��)RU�

��WKH�GHILEULOODWRU�GLVFKDUJHV�DW�QH[W�5�ZDYH�

DIWHU�WKH�XVHU�SUHVVHV�ERWK�6KRFN�EXWWRQV��IRU� ��
WKH�GHILEULOODWRU�GLVFKDUJHV�RQO\�ZKHQ�XVHU�SUHVVHV�GLV�
FKDUJH�EXWWRQV��

6HWWLQJV�IRU�WKH�SDFHU��2SWLRQ³$����
�6KRZQ�ZKHQ�SDFHU�LV�WXUQHG�RQ�

3DFHU�5DWH ���WR�����SSP�LQ�LQFUHPHQWV�RI���� 6HOHFWV�WKH�QXPEHU�RI�SDFHU�SXOVHV�SHU�PLQXWH��SSP���

3DFHU�2XWSXW ���WR�����P$�LQ�LQFUHPHQWV�RI���� 6HOHFWV�WKH�DPSOLWXGH��OHYHO��RI�WKH�SDFHU�SXOVHV��LQ�P$�

1For the CodeMaster XL+ without Option A01, the limits values cannot be changed; the factory default values listed in 
Figure 2-13 and Figure 2-14 are used.

ON

ON

OFF

SYNC

DEFIB
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&RQILJXUDWLRQ

 log.
Disabling the Internal Pace Pulse Detection Marker 

In normal operation, the defibrillator detects internal pace pulses when monitoring with 
leads. Internal pace pulse detection is indicated on the screen by a negative spike relative 
to the ECG baseline.

Regardless of this configuration setting, the machine will continue to reject patient 
internal pace pulses for heart rate calculation.

To enable or disable the Pace Pulse Marker, press , , and  
simultaneously while in Setup Menu 1. To determine if this feature is enabled, print out 
the system log. See “The System Log” on page 4-4 for an explanation of the system

127(

6\QF +5�$ODUP 0DUN

7DEOH���� &RQILJXUDWLRQ�6HWWLQJV³6HWXS�0HQX��

&RQILJXUDWLRQ�,WHP 6HWWLQJ�&KRLFHV &RPPHQWV

5HFRUGHU�'HOD\ ��6�'HOD\�RU�1R�'HOD\ 5HFRUGHG�(&*�LV�GHOD\HG���VHFRQGV�DIWHU�HYHQW��RU�VWDUWV�SULQWLQJ�LPPHGLDWHO\�

5HFRUGHU�%: 'LDJQRVWLF�RU�0RQLWRU�'LDJQRVWLF�)UH�
TXHQF\�5HVSRQVH�LV�RQO\�DYDLODEOH�ZKHQ�
PRQLWRULQJ�ZLWK�OHDGV�

6HOHFWV�WKH�EDQGZLGWK�RI�UHFRUGHU�SULQWRXW��)RU� ��IUH�
TXHQF\�UHVSRQVH�LV�IURP������WR�����+]��IRU� ��IURP�����WR����

+]��

$GYLVRU\�(QHUJ\ (QHUJ\�6HOHFW���������������RU�
��������������

6HOHFW�FRQWURO�IURP�2II��6WDQGE\��WR�WKH�GHVLUHG�OHYHO�

5HFRUG�RQ�0DUN� 2Q�RU�2II
)RU� ��WKH�UHFRUGHU�SULQWV�ZKHQ� �LV�SUHVVHG��

5HFRUG�RQ�&KDUJH 2Q�RU�2II
)RU� ��WKH�UHFRUGHU�SULQWV�ZKHQ� �LV�SUHVVHG��

5HFRUG�RQ�6KRFN 2Q�RU�2II )RU� ��WKH�UHFRUGHU�SULQWV�IROORZLQJ�D�GLVFKDUJH��

5HFRUG�RQ�$ODUPV 2Q�RU�2II )RU� ��WKH�UHFRUGHU�SULQWV�ZKHQ�D�KHDUW�UDWH�RU�6S2��DODUP�YLRODWLRQ�
RFFXUV��

3RVW�6KRFN�'DWD� 2II�RU�2Q )RU� ��UHFRUGHU�SULQWV�WKH�GHOLYHUHG��DFWXDO��HQHUJ\�VWDWLVWLFV��)RU�

��UHFRUGHU�SULQWV�WKH�(QHUJ\�6HOHFW�FRQWURO�VHWWLQJ��

3RZHU�2Q�/HDG 3DGGOHV��/HDG�,��,,��RU�,,, 6HOHFWV�WKH�GHIDXOW�(&*�PRQLWRULQJ�VRXUFH�DW�SRZHU�RQ��

3DWLHQW�&DEOH� ��:LUH�RU���:LUH 6HWV�WKH�GHILEULOODWRU�WR�WUHDW�WKH�LQSXW�DV�LI�HLWKHU�D���ZLUH�RU���ZLUH�SDWLHQW�
FDEOH�LV�DWWDFKHG�WR�WKH�(&*�,QSXW�FRQQHFWRU��

1RWFK�)LOWHU ���+]�RU����+]��2Q�RU�2II 6HOHFWV�SRZHU�OLQH�ILOWHU�IUHTXHQF\��DQG�WXUQV�ILOWHU�RQ�RU�RII��

(&*�7UDFH 6ZHHS�RU�6FUROO 6HOHFWV�WKH�(&*�WUDFH�VW\OH�� �XSGDWHV�WKH�GLVSOD\HG�SDWLHQW�GDWD�

IURP�OHIW�WR�ULJKW��DQG�WKHQ�UHSHDWV�WKH�XSGDWH��)RU� ��WKH�GLV�
SOD\HG�SDWLHQW�GDWD��PRYHV��IURP�WKH�ULJKW�WR�OHIW�VLGHV�RI�WKH�GLVSOD\��

1On the CodeMaster XL, these menu items cannot be changed; it uses the factory default settings. See Figure 2-13 and 
Figure 2-14 for factory default setting information

DIAGNOSTIC

MONITOR

ON 0DUN

ON &KDUJH

ON

ON

ON

OFF

SWEEP
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Shock Advisory Algorithm Measurement Matrix Print (optional) 

The Advisory Event Summary (AES) includes a configurable option to print the algorithm 
measurement matrix after each algorithm decision event.  This matrix contains the 
measurements that the algorithm computed during the associated analysis period and on 
which the algorithm decision is based.  This measurement can be used by a factory service 
representative to understand how the algorithm decision was  made.

If you have a question about the algorithm decision for a particular rhythm strip, the 
measurement matrix printout can be enabled and the AES reprinted with the measurement 
matrix information, provided the AES memory has not been erased. Save the AES 
printout with the measurement matrix attached at the end of the strip and contact your  
service representative.

The factory default for the measurement matrix print option is disabled. A title is printed 
as the top line, for example, "MEASUREMENTS 27 MAR 96 12:37:20") where the time/
date is the same as the decision event time/date.

MEASUREMENTS  27 MAR 96  12:37:20

D0 D1 D2 D3
M0= x x.x x.x x.x
M1= xx xxxx xxxx xxxx
M2= xx xx.xx xx.xx xx.xx
M3= xxx xxx.xx xxx.xx xxx.xx
M4= xxx xxxx xxxx xxxx
M5= xxxx xxxxx xxxxx xxxxx
M6= xxxx xxxxx xxxxx xxxxx
M7= xxx xx.xx xx.xx xx.xx
M8= xxx xxx.xx xxx.xx xxx.xx
M=9 xx xxxxx xxxxx xxxxx

The matrix rows are for feature measurements and are labelled M0 through M9.  The 
columns record data for internal algorithm decision points are labelled D0 through D3. 

The measurement matrix printout can be enabled or disabled by entering diagnostic mode 
setup menu 1 and simultaneously pressing the  and  keys.  This key 
sequence will toggle the measurement matrix print option from off to on and on to off.  
The status of the measurement matrix print option is recorded in the system log options 
area. The software revision of the defibrillator should be "57.00.52.33" greater.

Measurement Matrix can be turned ON after the unit has been powered off and then 
Powered on again. It will still print the Event Summary with the measurement matrix 
attached to each algorithm decision.

After the unit is powered off and then on, the next ECG event, ECG alarm or Mark key 
pressed will erase the Event Summary.  All previous information will be lost.

6<1& $1$/<=(

127(
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3Performance Verification and Maintenance
3Introduction

This chapter describes the tests and inspections required to verify performance of and 
maintenance procedures for the CodeMaster XL+ and XL Defibrillator/Monitor.

The information is presented in the following sequence:

For simple checking without using external equipment, you can use the menu-driven tests 
built into the defibrillator. However, these tests are not as thorough as the tests listed for 
performance verification. The exception is the battery capacity test, which is a built-in 
menu-driven test that discharges and monitors the battery voltage. This test is included in 
preventive maintenance for checking battery capacity.

Test Results Matrix Lists an overview of performance/ safety tests 
and provides expected CodeMaster XL+/XL 
results

Setup/Diagnostic Menu Tests Explains how to use the defibrillator’s built-in 
Setup/Diagnostic Menu Tests to calibrate the 
defibrillator and do quick operational checks

Performance Verification Explains how to verify the defibrillator’s 
performance

Preventive Maintenance Explains preventive maintenance procedures; 
including how to check battery capacity and do 
basic  care and cleaning

Equipment List Lists specifications that must be met by the 
equipment used to verify the defibrillator’s 
performance

Performance Verification 
Checklist

Provides a performance verification checklist
3-1
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3Test Results Matrix

Table 3-1 summarizes performance verification for the CodeMaster XL+; including test 
name, test or inspection to perform, expected test results, and data to record. Auxiliary 
function tests include the CRT Test, the Recorder Test, the Controls Test, and the Indicator 
Test. Parameter function tests include the SpO2 Test (if option is installed), the HR Alarm 
Test, the ECG Simulation Test, and the Synch Cardioversion Test. The sections that follow 
explain the individual tests and inspections in detail.

All performance verification tests outlined in Table 3-1 must be performed following any 
service procedure performed on the CodeMaster XL+. In addition to testing after 
servicing, instrument recalibration is always recommended should any of the following 
events occur:

• If the user suspects that the defibrillator is delivering an energy level lower than the 
selected via the Energy Select control.

• If the  date on the main setup/diagnostic menu is no longer d
played. Refer to Chapter 2, Setup and Configuration for information about the men
(Note that the defibrillator is shipped with no date displayed). 

• If the SETUP LOST message is displayed on the screen. Refer to Chapter 2, Setup
Configuration for information about the message.   

CALIBRATE DEFIB

7DEOH���� 3HUIRUPDQFH�9HULILFDWLRQ��&RGH0DVWHU�;/��0����%�

Test Block 
Name

Test or "Inspection" to 
Perform

Expected (Passing) 
Test Results

Data to Record
x=P (pass) or F 

(fail)

Visual Inspection • Inspect the unit—including 
power cord, recorder, elec-
trodes, and cables—for signs of 
wear, damage, or 
corrosion

• Cycle power off and on; 
verify indicator light function-
ality

• No apparent wear, 
damage or corrosion:

• AC Power & 
Battery Charge light and 
stay on; Charge, Sync 
and Pacer On light 
momentarily

V:x

example: 
V:p

Calibration Calibrate defibrillator from 
the setup/diagnostic menu

Message displayed: 
"Calibration passed" 

C:x

example:
C:p
3-2
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3HUIRUPDQFH�9HULILFDWLRQ�DQG�0DLQWHQDQFH
7HVW�5HVXOWV�0DWUL[
Defibrillator Test 
(DT)

(conduct these tests 
in setup/diagnostic 
mode)

Using only battery power, set 
Energy Select to 100; test:

• MSec. to charge - aaaa

• Delivered Energy - bbb

• Impedance - cc

• Peak Current - dd

Using only battery power, set 
Energy Select to 360; test:

• MSec. to charge - eeee

• Delivered Energy - fff

• Impedance - gg

• Peak Current - hh

Using AC power (battery 
removed), set Energy Select to 
360; test:

• MSec. to charge -iiii

• Delivered Energy - jjj

• Impedance - kk

• Peak Current -ll

Conduct Disarm Test 
(charge to 360; disarm) - m

• <2000

• 100+/- 15%

• 50 Ohm +/- 10%

• 30 A +/- 10%

• <5000

• 360+/- 15%

• 50 Ohm +/- 10%

• 55 A +/- 10%

• <15000

• 360+/- 15%

• 50 Ohm +/- 10%

• 55 A +/- 10%

pass or fail

DT:aaaa,bbb,cc,dd,
eeee,fff,gg,hh,iiii,
jjj,kk,ll,m

example:
DT:1300,100,50,
30,3600,360,50,
55,12000,360,50,
55,p

7DEOH���� 3HUIRUPDQFH�9HULILFDWLRQ��&RGH0DVWHU�;/��0����%�

Test Block 
Name

Test or "Inspection" to 
Perform

Expected (Passing) 
Test Results

Data to Record
x=P (pass) or F 

(fail)
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ECG Tests (E) Check:

• Leads Status, Paddle 
Status, and DSP Status - x

• DC Offset - aaa

• PCI Calibration
o paddles shorted - e

o paddles in pocket - fff

"Good" displayed on 
screen

XXX mV

• 0+/-2 ohms

• 20 - 100 ohms

E:x, aaa,e,fff

example:
E:p,0,1,60

Auxiliary 
Function Tests (A)

Conduct the following tests:

• CRT Test

• Recorder Test

• Controls Test

• Indicator Test

"Pass" displayed on 
screen for all tests

A:x

example:
A:p

Pacer Test (PT) Conduct the Pacer Test with:

• Selected Output set to 40mA - 
aa

• Selected Output set to 100mA - 
bbb

• Delivered mA is 40mA 
+/- 5%

• Delivered mA is 100mA 
+/- 10%

PT:aa,bbb

example:
PT:40,99

7DEOH���� 3HUIRUPDQFH�9HULILFDWLRQ��&RGH0DVWHU�;/��0����%�

Test Block 
Name

Test or "Inspection" to 
Perform

Expected (Passing) 
Test Results

Data to Record
x=P (pass) or F 

(fail)
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Parameter 
Function Tests (F)

Conduct the following tests:

• SpO2 Test 
(if option is installed)

• HR Alarm Test

• ECG Simulation Test

• Synch Cardioversion Test

• SpO2 option is 
functional

• HR alarm sounds at  
alarm setting

• leadwires 
integrity verified; gain 
settings accurate

• set unit to sync mode; 
check if defibrillator fires 
on sync

F:x

example:
F:p

Safety Tests(S) Check:

• Chassis-to-Ground 
Resistance - aaa

• Groundwire Leakage 
Current - bbb

• Enclosure Leakage 
Current - ccc

• Patient Lead Leakage 
Current
o To Ground - dd

o Between patient leads - ee

o With line voltage applied - ff

• < 0.1 ohm

• < 500 uA

• < 100 uA

• <  10 uA

• <  10 uA

• <  20 uA

S:aaa,bbb,ccc,dd,
ee,ff

example:
S:09,400,90,7,7,16

Note: When recording test results, separate tests by a semi-colon(;). For example: 
V:p;C:p;DT:1300,100,50,30,3600,360,50,55,p;E:p,0,1,60;A:p;PT:40,99;F:p;
S:09,400,90,7,7,16

7DEOH���� 3HUIRUPDQFH�9HULILFDWLRQ��&RGH0DVWHU�;/��0����%�

Test Block 
Name

Test or "Inspection" to 
Perform

Expected (Passing) 
Test Results

Data to Record
x=P (pass) or F 

(fail)
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3Setup/Diagnostic Menu Tests

The setup/diagnostic menu tests provide an easy method to check most areas of 
defibrillator operation and the battery capacity. These tests are available in the 
setup/diagnostic menu:  

• Defibrillator test

• ECG test

• CRT test

• Recorder test

• Controls test

• Indicators test

• Battery capacity test

• Pacer test (Option installed) 

The CRT test, recorder test, controls test, and indicators test require visual verificatio
displayed or printed output. For these tests, visible failure symptoms appear in the 
displayed or printed test information, or are shown by indicator operation. For other t
you determine whether a test has failed by examining test-results data shown on the
display.

The setup/diagnostic tests do not test the patient electrodes or the 3- or 5-wire patie
cables. You can test the patient electrodes and cables by recording an ECG from a p
or ECG simulator as described in “Parameter Function Tests—ECG Simulation” on p
3-26. 

To access the setup/diagnostic menu tests, turn the Energy Select control to Monitor On, 
while pressing the  and  keys. The following display appears:

127(

6\QF +5�$ODUP
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6HWXS�'LDJQRVWLF�0HQX� 3-1

The pacer test is listed only if the pacer option is installed.

The dates appear only if the unit has already been calibrated and the configuration has 
been set up. See “Configuration” on page 2-16 for detailed information.

The setup/diagnostic menu lists the built-in tests and other items. With the panel keys
step through the menu items and select tests. When you select a test, the display ch
to show test information. Using the panel keys to select and start a test is described
Table 3-2. These two keys select and initiate a test:

SETUP/DIAGNOSTIC MENU
CALIBRATE DEFIB (last calibration date)
SETUP MENU 1 (last setup date)
SETUP MENU 2
RESTORE FACTORY SETTINGS
PRINT LOG
TEST DEFIB
TEST ECG
TEST CRT
TEST RECORDER
TEST CONTROLS
TEST INDICATORS
TEST BATTERY
TEST PACER

TURN OFF TO EXIT DIAGNOSTIC

127(

Moves the highlight bar down or up, depending on 
whether you press the left or right side of the key. 
Selects the menu item that is highlighted.

(&*�6L]H

/HDG�6HOHFW
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3Performance Verification

Verify the performance of the defibrillator every six months and after servicing. The 
procedures listed below make up performance verification. For daily check 
of the defibrillator, see "Operational Checks" in the CodeMaster XL+Defibrillator/
Monitor User’s Guide" 

 The performance verification checklist at the end of this chapter summarizes the tests you 
should perform to verify the defibrillator’s performance. These are some suggested uses 
for this checklist: 

• Make copies of the blank checklist; then, fill out a copy each time the defibrillator is
tested. 

• Attach the recorder test output, simulator ECG trace, and error log printout to the c
pleted checklist and file with the defibrillator's permanent maintenance record.

Visual Inspection

Before beginning the inspection, turn the Energy Select control to Off (Standby) and 
unplug the power cord from the wall outlet. Then carefully examine the defibrillator a
its accessories for the following:

• Worn or damaged power cord

• Loose or missing hardware

7DEOH���� 3HUIRUPLQJ�D�6HWXS�'LDJQRVWLF�7HVW

'HVFULSWLRQ 3URFHVV

+LJKOLJKW�WKH�VHWXS�GLDJQRVWLF�PHQX�WHVW 3UHVV� �WR�KLJKOLJKW�WKH�WHVW�QDPH�LQ�WKH�
PHQX�

6HOHFW�WKH�WHVW 3UHVV� ��)RU�VRPH�WHVWV��WKH�WHVW�WKDW�
\RX�VHOHFWHG�WKHQ�VWDUWV�UXQQLQJ��DQG�UHSHDWV�XQWLO�\RX�
VWRS�LW��)RU�RWKHU�WHVWV��WKH�GLVSOD\�FKDQJHV�WR�VKRZ�
WHVW�SDWWHUQV�RU�RWKHU�WHVW�LQIRUPDWLRQ�

3HUIRUP�WKH�WHVW )ROORZ�WKH�LQVWUXFWLRQV�LQ�WKLV�FKDSWHU�IRU�WKH�WHVW�\RX�
VHOHFWHG�

7R�VWRS�D�WHVW�RU�UHWXUQ�WR�WKH�VHWXS�GLDJQRVWLF�PHQX 3UHVV�ERWK�DUURZV�RQ�WKH� �NH\�VLPXO�
WDQHRXVO\�

7R�H[LW�WKH�VHWXS�GLDJQRVWLF�PHQX�RU�H[LW�D�WHVW 7XUQ�WKH�(QHUJ\�6HOHFW�FRQWURO�WR�2II��6WDQGE\���

(&*�6L]H

/HDG�6HOHFW

(&*�6L]H
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• Mechanical damage

• Evidence of liquid spill

• Worn recorder roller

• Worn or damaged cables or connectors

• Corroded or damaged electrodes

• Foreign material on the thermal printhead or paper sensor

Connect the defibrillator to AC power; observe that the  and 
indicators come on. Turn the Energy Select control to Monitor On and observe that the 

 and  indicators light momentarily, and that the monitor screen displa
trace and other information. Also, the  indicator should light momentarily (if 
pacer is installed).

Replace any damaged or missing items and clean the printhead, paper sensor, and 
electrodes as necessary. Leaning instructions are listed under “Preventive Maintena
on page 3-28.

Defibrillator Calibration 

The defibrillator should be recalibrated after any of the following events:

• The user suspects that the defibrillator is delivering an energy level lower than the 
selected via the Energy Select control.

• The  date on the main setup/diagnostic menu is no longer d
played. See Table 2-3, “Displaying/Printing a Configuration Setting,” on page 19 for
information about the menu. (Note that the defibrillator is shipped with no date dis-
played). 

• The SETUP LOST message is displayed on the screen. See “Configuration” on pag
16 for information about the message. 

• After servicing which requires replacement of the HV capacitor, the Control board, 
each time the unit is opened. 

• After each scheduled preventive maintenance. 

When the defibrillator charges, it uses a measured value for the capacitance of the c
capacitor to determine the energy required to reach the selected charge level. The 

 choice on the menu guides the user through a routine that 
measures the capacitance of the HV capacitor, and adjusts the capacitance value ba
the routine's results. The capacitance value is stored in battery-maintained memory 

$&�32:(5 %$77�&+5*

&KDUJH 6\QF
3DFHU�2Q

CALIBRATE DEFIB

CALIBRATE DEFIB
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used each time the defibrillator is charged. On the  screen, the stored 
capacitance value is displayed after CAPACITANCE.

$YRLG�WRXFKLQJ�DQ\�PHWDO�VXUIDFHV�RQ�WKH�GHILEULOODWRU�DQG�GR�QRW�WRXFK�
HTXLSPHQW�FRQQHFWHG�WR�WKH�GHILEULOODWRU�GXULQJ�VKRFN��'DQJHURXV�KLJK�YROWDJH�
H[LVWV�RQ�WKH�SDGGOHV�ZKHQ�WKH�GHILEULOODWRU�LV�GLVFKDUJHG��&RQWDFW�ZLWK�WKLV�KLJK�
YROWDJH�FRXOG�FDXVH�GHDWK�RU�VHULRXV�LQMXU\�

Test Prerequisites

Connect the external paddles and place them firmly in their holders in the defibrillator.

Calibrating the Defibrillator

To start the defibrillator calibration routine, select  on the 
setup/diagnostic menu; the screen displays the information shown in Figure 3-2. 

)LJXUH����

&DOLEUDWH�'HILEULOODWRU�6FUHHQ� 3-2

Follow the instructions displayed on the screen. (If you set the Energy Select control to a 
level below 300 joules, the message, BAD USAGE: SEE MANUAL 
is displayed.)

TEST DEFIB

:$51,1*

CALIBRATE DEFIB

DEFIB CALIBRATION

1. PUT PADDLES IN POCKETS.
2. TURN ENERGY SELECT TO 300.
3. PRESS CHARGE.
4. WAIT FOR CALIBRATION TO FINISH.

MEASURED CAPACITANCE:

TURN OFF TO EXIT DIAGNOSTIC
3-10
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0 
eing 
If the test completes successfully, CALIBRATION PASSED is displayed at the bottom of 
the screen. If the test fails, CALIBRATION FAILED is displayed and the nominal 
capacitance value is used; see Chapter 4, Troubleshooting, and Table 4-13 for detailed 
troubleshooting information.

Defibrillator Test 

This test verifies defibrillator performance to specifications. You should run the 
Defibrillator Calibration routine before performing the Defibrillator Test. You can 
perform the defibrillator test using either external paddles or pads.

,I�XVLQJ�SDGV�DGDSWHU�0����$�%��FRQQHFW�DQ�0����$�WHVW�ORDG�ZKHQ�SHUIRUPLQJ�
WKH�GHILEULOODWRU�WHVW��

Test Prerequisites

Connect the external paddles and place them firmly in their holders in the defibrillator or 
attach the M1781A test load if you are using the pads adapter cable. The battery must be 
fully charged.

Testing the Defibrillator

It is recommended that you test the defibrillator in the power configuration in which it is 
normally used: battery only, or AC power. You should also test the disarm function as 
described at the end of the defibrillator test.

The test is designed to check the defibrillator in these power configurations:

• With fully-charged battery installed; no AC power. 

• With the defibrillator plugged into AC power; battery is removed. 

With the defibrillator powered by battery only, you run the test at 100 joules and at 36
joules. The values of some test results vary depending on the power configuration b
used. Table 3-3 lists acceptable test result values for each power configuration.

To run the Defibrillator Test, follow these steps:

1 For battery only testing:

a.  Make sure that the battery is installed and is fully charged. 

b.  Disconnect the defibrillator from AC power. 

For AC power only testing: 

a.  Disconnect the battery. 

b.  Plug the defibrillator into AC power.

:$51,1*
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2 Select  in the setup/diagnostic menu; the screen displays the informa-
tion shown in Figure 3-3. This table shows defibrillator performance parameters. Some 
of these parameters are not available until after the defibrillator is discharged.

)LJXUH����

'HILEULOODWRU�7HVW�6FUHHQ� 3-3

TEST DEFIB

DEFIB TEST
AVAILABLE ENERGY: xxx (joules)
MSEC TO CHARGE: xx (milliseconds)
SEC TO DISARM: xx (seconds)
DELIVERED ENERGY: xx (joules)
IMPEDANCE: xx (ohms)
PEAK CURRENT: xx (amps)
DEFIB ERRORS: xxxxxxx (error code)
CAPACITANCE: xxx (in 0.1 µF units)
SHOCK COUNTER: xx

TURN OFF TO EXIT DIAGNOSTIC

AVAILABLE 
ENERGY:

Current charge in joules; 0 when the defibrillator is not 
armed. 

MSEC TO CHARGE: After the defibrillator charges to the energy level selected, 
the entry shows how many milliseconds the charge 
required. 

SEC TO DISARM: After the defibrillator signals Charge Done, it holds the 
charge for 60 seconds, and then starts disarming the 
charge through an internal safety relay. The entry shows 
the time required to disarm the defibrillator to the "safe" 
state. 

DELIVERED 
ENERGY:

The calculated delivered energy (in joules) based on the 
internal peak current measurement. 

IMPEDANCE: The calculated load impedance based on available energy 
and the internal peak current measurement (in Amps). 

PEAK CURRENT: The peak current measured during defibrillator dis-
charge. 

DEFIB ERRORS: Defibrillator errors that have occurred while in diagnostic 
test mode. 
3-12
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 test; 
3 Turn the Energy Select control to the energy level for the power configuration you 
selected. 

4 Press . The value for AVAILABLE ENERGY increments. 

5 Check that it reaches the energy level you selected, when the Charge Done LED is lit 
on the front panel or the apex paddle.

6 Check that the entry for MSEC TO CHARGE is within the limits listed in Table 3-3 for 
the power configuration you selected. 

$YRLG�WRXFKLQJ�DQ\�PHWDO�VXUIDFHV�RQ�WKH�GHILEULOODWRU�DQG�GR�QRW�WRXFK�
HTXLSPHQW�FRQQHFWHG�WR�WKH�GHILEULOODWRU�GXULQJ�VKRFN��'DQJHURXV�KLJK�YROWDJHV�
H[LVW�RQ�WKH�SDGGOHV�ZKHQ�WKH�GHILEULOODWRU�LV�GLVFKDUJHG��&RQWDFW�ZLWK�WKLV�KLJK�
YROWDJH�FRXOG�FDXVH�GHDWK�RU�VHULRXV�LQMXU\��

7 Discharge the defibrillator by pressing the two shock buttons. 

8 Check that the values for DELIVERED ENERGY, IMPEDANCE, and 
PEAK CURRENT are within the limits listed in Table 3-3. 

If the displayed Impedance is outside these limits, see “Adjusting the Internal Delivered 
Energy Calibration” on page 5-30.

To test the automatic disarm function:

9 Press  again.

10   Wait until an alternating tone sounds, and then the AVAILABLE ENERGY value dec-
rements to 0.

11   Repeat the test for the other power configuration if you are doing the battery only
or for the other energy level, if desired. 

CAPACITANCE: The capacitance used when charging the defibrillator. 
The capacitance value is established during Defibrillator 
Calibration (See “Defibrillator Test” on page 3-11 for 
information). 

SHOCK 
COUNTER:

The number shown is the number of shocks since the 
shock counter was reset. You can clear the shock counter 

by pressing the  and  keys simulta-
neously, while displaying this screen. Only clear the shock 
counter after replacing a patient circuit component, such 
as the high voltage (HV) capacitor, HV inductor, patient 
relay, or HV charger board. Record the value of the shock 
counter prior to clearing it. 

6\QF +5�$ODUP

&KDUJH

:$51,1*

127(

&KDUJH
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To test the manual disarm function:

12   Turn the Energy Select control to 360 joules. 

13   Press .

14   When the charge reaches 360 joules, turn the Energy Select control directly to Moni-
tor On. Turn the control quickly and do not stop at any level selection between 360 
joules and the Monitor On position. This step disarms the defibrillator.

15   Check to see that the SEC TO DISARM test passed or failed as listed in Table 3-3. 

16   Press both sides of  at once, to exit the test menu.

Delivered Energy Level Test

To perform the delivered energy level test, you need a test box. See Table 3-5 for 
equipment specifications. The test checks that the delivered discharge energy measured by 
the test box is equivalent to the charge level displayed on the defibrillator.

To verify the delivered energy level, follow the instructions provided with the test box.

$YRLG�WRXFKLQJ�DQ\�PHWDO�VXUIDFHV�RQ�WKH�GHILEULOODWRU�DQG�GR�QRW�WRXFK�
HTXLSPHQW�FRQQHFWHG�WR�WKH�GHILEULOODWRU�GXULQJ�VKRFN��'DQJHURXV�KLJK�YROWDJH�
H[LVWV�RQ�WKH�SDGGOHV�ZKHQ�WKH�GHILEULOODWRU�LV�GLVFKDUJHG��&RQWDFW�ZLWK�WKLV�KLJK�
YROWDJH�FRXOG�FDXVH�GHDWK�RU�VHULRXV�LQMXU\��

ECG  Tests

This test verifies the operation of the leads and paddles ECG front end amplifiers and 
checks digital signal processor filtering. The test also verifies communication between the 
front end board and the control board.

7DEOH���� 'HILEULOODWRU�7HVW�/LPLWV�

'HILEULOODWRU�&RQILJXUDWLRQ
$YDLODEOH�
(QHUJ\

06HF�WR�
&KDUJH

�6HF�WR�'LVDUP
'HOLYHUHG�
(QHUJ\

,PSHGDQFH 3HDN�&XUUHQW

%DWWHU\�2QO\ ����M ����� ³ ��²����M ��²��Ω ��²���$�

����M ����� ³ ���²����M ��²��Ω ��²���$�

$&�2QO\��%DWWHU\�UHPRYHG� ����M ������ ³ ���²����M ��²��Ω ��²���$

'LVDUP�7HVW ����M ³ SDVV�RU�IDLO

&KDUJH

(&*�6L]H

:$51,1*
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.

tion 
Test Prerequisites 

Requires a calibrated ECG simulator for use with pads and leads. Also requires an AAMI 
simulated patient load. See “Equipment List” on page 3-32 for equipment information

Testing the ECG

To run the ECG test, follow these steps:

1 Select  in the setup/diagnostic menu; the display shows the informa
shown in Figure 3-4. 

)LJXUH����

(&*��0RQLWRU��7HVW� 3-4

TEST ECG

ECG TEST
SELECTED LEAD: PADDLES
NOTCH FILTER: 50 or 60 HZ   ON

LEADS STATUS: GOOD
PADDLES STATUS: GOOD
DSP STATUS GOOD
DC OFFSET: xxx (mV)
PEAK TO PEAK:
   DIAGNOSTIC: xxxx (µV)
   MONITOR: xxxx (µV)
PCI: ohms ON

TURN OFF TO EXIT DIAGNOSTIC

SELECTED LEAD: Lets you select the ECG source. 
NOTCH FILTER: Current power line filtering frequency: 50 or 60 Hz; you 

can change the filtering and turn the filter off and on. 
LEADS STATUS: GOOD indicates that communication between the Leads 

Front End and DSP is acceptable. 
PADDLES 
STATUS:

GOOD indicates that communication between the paddles/
Front End and DSP is acceptable. 

DSP STATUS: GOOD indicates that the DSP is communicating properly 
with the monitor. 
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d be 
cuit).
2 Check that LEADS STATUS is GOOD. 

3 Check that PADDLES STATUS is GOOD.

4 Check that DSP STATUS is GOOD. 

PCI Calibration

PCI calibration should be performed whenever setup is lost or whenever the user suspects 
that PCI indication is wrong. Perform the following steps to calibrate PCI. 

1 Attach the paddle set to the defibrillator. 

2 Access the setup/diagnostic menu.

3 Select  in the setup/diagnostic menu.

4 Press  and  simultaneously, so that OFF appears to the right of the PCI 
value.

5 While shorting the paddles together, press  and  simultaneously. The 
PCI value should now indicate 0±2 ohms and ON should now appear next to the PCI 
value.

Turning the PCI indicator off, then on again calibrates it to 0 ohms. If you do not short the 
paddles together, you will miscalibrate the PCI indicator.

6 Replace paddles in pockets. The PCI value with the paddles in the pockets shoul
between 20 and 100 ohms (the PCI value varies because of inductance in the cir

Auxiliary Function Tests—CRT Test

This test lets you check the operation and alignment of the CRT.

DC OFFSET: An offset value used when measuring Leads Off. Largest 
absolute value offset of any wire used in lead combination 
according to the lead selected (mV). 

PEAK TO PEAK 
DIAGNOSTIC: 
MONITOR:

Peak-to-peak signal of the SELECTED LEAD measured 
over a one-second interval. Results are given for both MON-
ITOR (0.5Hz to 40 Hz) and DIAGNOSTIC (0.05Hz to 150 
Hz) bandwidth. 

PCI: Paddles impedance measured in ohms. Used to 
determine PADDLES OFF, and for PCI (paddles contact 
indicator) bar graph on sternum paddle. Patient imped-
ance can be calibrated. See “PCI Calibration” on page 3-16 
for instructions. PCI ON indicates that displayed data is 
calibrated. PCI OFF indicates that displayed data is not 
calibrated.

TEST ECG

6\QF +5�$ODUP

6\QF +5�$ODUP

127(
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Test Prerequisites 

A ruler that measures in millimeters is required to measure the display size.

Testing the CRT 

To perform the CRT test, follow these steps:

1 Select  in the setup/diagnostic menu; the display shows the 
information shown in Figure 3-5.

)LJXUH����

&57�7HVW��7HVW�3DWWHUQ 3-5

2 To determine whether the defibrillator CRT meets specifications, observe the test pat-
tern to ensure:

• accurate rendition of all lines 

• no random lines or dots in the display 

If any of the following steps require adjustment, see
 “Adjusting the CRT” on page 5-27 for adjustment information. 

TEST CRT

127(
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rme-
3 Check that the height and width of the display is within the limits shown in 
Figure 3-5. 

4 Check that all lines and characters are in focus.

5 Check that the display is centered on the CRT face, vertically and horizontally. Check     
that the display is aligned horizontally and vertically. 

6 Check that the intensity of the displayed image is acceptable. 

Auxiliary Function Tests—Recorder Test 

The recorder test checks recorder parameters and prints a test pattern to check the 
printhead and paper drive mechanism.

Test Prerequisites 

Recorder paper, and a ruler that measures in millimeters.

Testing the Recorder 

To run the recorder test, follow these steps:

1 Check that the recorder contains paper. 

2 Highlight  on the main setup/diagnostic menu. 

3 Press  or . The recorder starts printing a series of test patterns. 

4 When the printed strip is about 3 feet long, press  or  to stop the 
printing and return to the setup/diagnostic menu. Figure 3-6 shows the areas of the test 
pattern.

• Inspect the recorder strip for: Consistent print quality for all pattern areas 

• Constant width for all pattern areas

• Straight diagonal lines 

• Visible separation between the close parallel lines

• Clean black bars with no dropout in black areas

• Accurate rendition of all characters

• A distance of 25 mm ±2 mm between the longest tick marks (5 mm between the inte
diate tick marks)

TEST RECORDER

5HFRUG /HDG�6HOHFW

5HFRUG (&*�6L]H
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)LJXUH����

5HFRUGHU�7HVW��7HVW�3DWWHUQ 3-6

A. Test pattern for checking print speed

B. Major tick marks

C. Test pattern printout of all characters and symbols.

Auxiliary Function Tests—Controls Test

This test checks the operation of the panel keys.
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To test the panel key operation, follow these steps:

1 Select  in the setup/diagnostic menu. The information shown in 
Figure 3-7 is displayed.

)LJXUH����

&RQWUROV�7HVW 3-7

The pacer information is displayed only if the pacer option is installed.

2 Check that the entry for PADDLE TYPE matches the type that is attached 
(paddles, pads, or internal paddles).

If you disconnect the paddles cable, the entry changes to NONE. 

3 Turn the Energy Select control to each energy level position, checking that the entry for 
Energy Select on the display matches the current control position. 

4 Under PRESSED KEYS ARE HIGHLIGHTED, press each key listed. Simulta-
neously, check that the key name in the display is highlighted while the key is 

TEST CONTROLS

CONTROLS TEST
PADDLE TYPE: (Paddles, Pads, or 

Internal Paddles)
ENERGY SELECT: MONITOR

PRESSED KEYS ARE HIGHLIGHTED
PAD. CHARGE
CHARGE RECORD LEAD SELECT
SYNC MARK t ECG SIZE s

HR ALARM
l REVIEW l

PACER SPO2 ON/OFF
PACER ON SPO2 ALARM
t RATE s

START/STOP MODE
t OUTPUT s

TURN OFF TO EXIT DIAGNOSTIC

127(
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depressed. Highlighting indicates that the defibrillator has detected the key press. See 
Table 3-4 for a list of keys and the response you should see on the monitor display.

Auxiliary Function Tests—Indicator Test 

The indicator test exercises each LED and audio tone controlled by the defibrillator.

Testing the Indicators

7DEOH���� &RQWUROV�7HVW�6WHSV

.H\ .H\�3UHVV 5HVSRQVH�RQ�'LVSOD\

3DGGOHV�&KDUJH 3UHVV�WKH�&KDUJH�EXWWRQ�RQ�WKH�VLGH�RI�WKH�
ULJKW�H[WHUQDO�SDGGOH�

PADDLES�PADS��RU�INTER-
NAL PADDLES�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� CHARGE�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� SYNC�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� RECORD�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� MARK�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� LEAD SELECT�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� 7KH������DUURZ�LV�KLJKOLJKWHG��

3UHVV�WKH�SDQHO� �NH\� 7KH�    DUURZ�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� HR ALARM�LV�KLJKOLJKWHG�

3UHVV�WKH� �NH\� 7KH�OHIW���LV�KLJKOLJKWHG��

3UHVV�WKH�SDQHO� �NH\� 7KH�ULJKW���LV�KLJKOLJKWHG�

;/��RQO\��ZLWK�SDFHU�RSWLRQ�LQVWDOOHG�

3UHVV�WKH� �NH\� PACER ON�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� 7KH�  ��DUURZ�LV�KLJKOLJKWHG��

3UHVV�WKH�SDQHO� �NH\� 7KH�   �LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� START/STOP�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� 7KH�����DUURZ�LV�KLJKOLJKWHG��

3UHVV�WKH�SDQHO� �NH\� 7KH��������DUURZ�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\� MODE�LV�KLJKOLJKWHG��

:LWK�6S2��RSWLRQ�LQVWDOOHG�

3UHVV�WKH�SDQHO� �NH\ SPO2 ON/OFF�LV�KLJKOLJKWHG�

3UHVV�WKH�SDQHO� �NH\ SPO2 ALARM�LV�KLJKOLJKWHG�

&KDUJH &KDUJH

6\QF 6\QF

5HFRUG 5HFRUG

0DUN 0DUN

/HDG�6HOHFW /HDG�6HOHFW

(&*�6L]H (&*�6L]H

(&*�6L]H

+5�$ODUP +5�$ODUP

��5HYLHZ�� ��5HYLHZ

5HYLHZ��

3DFHU�2Q 3DFHU�2Q

5DWH 5DWH

5DWH

6WDUW�6WRS 6WDUW�6WRS

2XWSXW 2XWSXW

2XWSXW

0RGH 0RGH

6S2��2Q�2II 6S2��2Q�2II

6S2��$ODUP 6S2��$ODUP
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To test the defibrillator indicators, follow these steps:

1 Select  on the setup/diagnostic menu; the defibrillator 
displays the information in Figure 3-8.

)LJXUH����

,QGLFDWRUV�7HVW� 3-8

2 Check that the entry for RECORDER STATUS is OKAY. (If the recorder is out of paper, 
the entry is CHECK.)

3 The items under SELECT INDICATOR TO TEST are tests for the lights and audible 
tones. Use the  and  keys to select and start a test. To stop 
one of these tests, press  again. Each test is described, next. 

TEST INDICATORS

INDICATOR TEST
RECORDER STATUS: OKAY

SELECT INDICATOR TO TEST:
  LIGHTS
  CRT MESSAGE ALERT
  HEART RATE ALARM
  CHARGE DONE TONE
  AUTO DISARM WARNING
  SHUTDOWN WARNING

TURN OFF TO EXIT DIAGNOSTIC

(&*�6L]H /HDG�6HOHFW
/HDG�6HOHFW

Sequentially lights the , the key panel 

, the pacer , and the 

paddle  indicators for about one 
second, each. If the unit has PCI indicators, 

they are lit while the  test is running.
Generates the CRT Alert tone: three short 
tones; after a pause, the tones repeat.
Generates a continuous tone.

LIGHTS 6\QF

&+$5*(�'21( 3DFHU�2Q

&+$5*(�'21(

LIGHTS

CRT MESSAGE ALERT

HEART RATE ALARM
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Pacer Test (Option installed) 

Testing the pacer does not check the energy level that pacing delivers; testing verifies that 
the current delivered is equivalent to the levels indicated on the defibrillator screen.

To verify pacer operation, use a commercially available pacer tester. See Table 3-5 for 
equipment information. Follow the instructions provided with the pacer tester to perform 
the test.

Test Prerequisites 

A test load (HP M1781A) is required.

Testing the Pacer 

Follow these steps to perform the pacer test:

1 While pressing the  and  keys, turn the Energy Select control from the 
Off (Standby) position to Monitor On. The setup/diagnostic menu appears after a 
moment.

2 Select  on the setup/diagnostic menu. 

3 Press  to select the Pacer test. The monitor displays the information shown 
in Figure 3-9.

Generates a continuous tone; this tone is lower 
in frequency than the Heart Rate Alarm tone.
Generates an intermittent tone that is the same 
frequency as the Charge Done tone.
Outputs a tone that alternates continuously 
between the Charge Done tone and the HR 
Alarm tone frequencies.

CHARGE DONE TONE

AUTO DISARM WARNING

SHUTDOWN WARNING

6\QF +5�$ODUP

TEST PACER

/HDG�6HOHFW
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)LJXUH�����

3DFHU�7HVW� 3-9

4 Connect the test load (HP M1781A). 

5 Press  once, to turn on the pacer function. The indicator in the key should turn 
on; PACER STATUS should say STOPPED. 

6 Press  to increment the pulse output to the desired level. The current level is 
displayed on the screen. 

7 Press  to start pacing. PACER STATUS should say PACING. 

PACER DIAGNOSTIC
PACER STATUS: (OFF, STOPPED, or

PACING)
SELECTED RATE: xx (in ppm)

DELIVERED mAMPS: xx (in mA)

TURN OFF TO EXIT DIAGNOSTIC

PACER STATUS Shows whether the pacer function is turned off, is turned on 
but is not pacing (STOPPED), or is pacing (PACING). The 

 key turns the pacing function on and off; pacing 
can be turned on and also be stopped. (PACER STATUS may 
also show NO PADS or PADS OFF momentarily after START 
is pressed.)

SELECTED RATE Indicates the current output rate, in pulses per minute, as 

selected by the pacer  key. 
DELIVERED 
mAMPS

Indicates the output level of the delivered pulses as measured 
by the defibrillator, in mA.

3DFHU�2Q

5DWH

3DFHU�2Q

2XWSXW

6WDUW�6WRS
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8 Check that the DELIVERED mAMPS on the display is within these 
specifications: 

Parameter Function Tests—SpO2 Test 

Testing of the SpO2 option includes an internal self-test and a functional test.

SpO2 Internal Self-Test

Every time the SpO2 monitoring is turned on, the instrument runs a self-test on the SpO2 
PCA.

1 Turn the defibrillator on by turning the Energy Select switch to Monitor On.

2 Press the SpO2 On/Off button to turn SpO2 monitoring on.

3 Verify that no error messages appear on the display.

4 Press the SpO2 On/Off button to turn SpO2 monitoring off.

SpO2 Functional Test

1 Attach an SpO2 sensor to a normal, healthy person. Refer to the sensor 
packaging for directions on how to attach the sensor.

2 Plug the sensor into the defibrillator. If you are not using a Hewlett-Packard 
sensor, you must use the M1900B adaptor cable.

3 Turn the Energy Select switch to Monitor On.

4 Press the SpO2 On/Off button.

5 After 15 seconds, verify that the display shows an SpO2 reading and a pulse rate. 

6 Verify that the Pulse Amplitude Indicator moves up and down.

7 Verify that the SpO2 reading is between 95% and 100%. If the SpO2 reading is much 
below 95% and the person is healthy, the reading indicates a monitor or sensor error.

8 Press the SpO2 On/Off button to turn SpO2 monitoring off.

2XWSXW�/HYHO '(/,9(5('�P$036
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Parameter Function Tests—HR Alarm Test

To test the HR Alarm an ECG simulator is needed.

1 Run a normal ECG at 60 Hz

2 Press , verify alarm setting in upper right corner of the display

3 Change the ECG  simulator to get beyond both the upper and lower HR Alarm limits.

4 After a few seconds (approximately six seconds) the recorder will print a report and the 
alarm will sound.

Parameter Function Tests—ECG Simulation 

Taking an ECG using a 12-lead ECG simulator lets you verify areas of operation that the 
setup/diagnostic menu tests cannot test:

• the integrity of the leadwires

• the accuracy of the gain settings

To simulate an ECG, use a commercially available ECG simulator. Follow the testing
instructions provided with the simulator.

Parameter Function Tests—Sync Cardioversion Test with External 
Monitor

The sync cardioversion test should be performed only if the defibrillator will be used with 
an external monitor as the synchronizing source. The test verifies that the delay introduced 
by the external monitor is <60 ms of the R-wave detected.

Using an external monitor as the synchronizing source adds some amount of delay 
between the patient R-wave and defibrillator discharge. This test verifies that the total 
delay is within acceptable limits (<60ms).

To test sync cardioversion with an external monitor, follow this procedure:

1 Use a defibrillator test box capable of measuring synchronized cardioversion delay 
time.

2 Connect a patient cable between the defibrillator test box and the external
 monitor. See Figure 3-10.

+5�$ODUP
3-26
May 17, 2000 4:05 pm DRAFT



3HUIRUPDQFH�9HULILFDWLRQ�DQG�0DLQWHQDQFH
3HUIRUPDQFH�9HULILFDWLRQ
)LJXUH������

6\QF�&DUGLRYHUVLRQ�7HVW�6HWXS 3-10

3 Connect the sync interface cable between the external monitor’s DEFIB/SYNC output 
and the defibrillator ECG In connector.

4 Set up the external monitor to monitor LEAD II. 

5 On the defibrillator, select LEAD II as the ECG source.

6 Put the defibrillator test box into cardioversion test mode.

7 Press  on the defibrillator to put the instrument in sync mode. The ECG signal 
should have synchronization markers highlighting the ECG trace. Adjust ECG SIZE, if 
necessary. 

8 Turn the Energy Select control on the defibrillator to 50 joules. 

9 Place the paddles on the defibrillator test box paddle pads; press the charge button on 
the apex paddle. Wait for the Charge Done indicators on the defibrillator.

10 Press and hold both shock buttons on the paddles until the defibrillator discharges.

6\QF
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Safety Tests

The safety tests listed below are performed at the time of manufacture to assure 
compliance with these standards: IEC 601-1, IEC 601-2-4, UL 544, and CSA 22.2 No. 
601.1.

• Chassis-to-ground resistance within an expected range of < 0.1 ohm 

• Ground wire leakage current within an expected range of < 500 uA

• Enclosure leakage current within an expected range of < 100 uA

• Patient lead leakage current (source leakage) to ground within an expected 
range of <  10 uA

• Leakage current between patient leads within an expected range of <  10 uA

• Patient lead leakage current (sink current) with line voltage applied within an expec
range of <  20 uA

These tests should be part of your preventive maintenance program, and should be 
performed after any corrective maintenance to assure continued compliance with the
named standards.

To perform these tests, use commercially available safety testers or analyzers desig
specifically for this purpose. Follow the manufacturer's operating instructions for hoo
and test procedures.

3Preventive Maintenance

Preventive maintenance for the defibrillator is a superset of performance verification
consists of the battery capacity test, printing the system error log, cleaning and inspe
followed by routine maintenance and/or troubleshooting.

The defibrillator does not require any kind of lubrication. Lubricating any part of the 
defibrillator could damage it or diminish its performance.

Battery Capacity Test 

The battery capacity test measures the current battery capacity. The battery capacity
should be performed after any of the following:

• After installing a new battery. 

&$87,21
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• After six months of service (more often if defibrillator use frequently depletes the bat
without allowing time for full charge cycles).

• After the defibrillator has been stored for an extended period or each time the unit i
opened. 

The total time required to perform the battery capacity test is about 30 hours. The first 
part of the battery capacity test involves charging the battery for eight hours to ensur
sufficient charge. Once started, the battery capacity test runs for about 3.5 hours. Be
the battery capacity test discharges the battery, allow an additional 18 hours after th
to re-charge the battery to full capacity.

Testing the Battery Capacity 

Follow these steps to perform the battery capacity test:

1 Charge the battery by plugging the instrument into AC power for eight hours. Whe
you start charging the battery, verify that the  and  lights a
on.

2 Verify that there is recorder paper in the recorder.

3 While pressing the  and  keys, turn the Energy Select control from
Off (Standby) position to the Monitor On position. The setup/diagnostic menu 
appears after a moment.

4 Unplug the instrument from AC power (the  and  lights go 
off). 

5 Press  to highlight .

6 Press  to start the Battery Capacity Test. The monitor displays the info
tion shown in Figure 3-11. 

$&�32:(5 %$77�&+5*
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7 When the battery voltages reaches a low level, the Shutdown Warning tone sounds and 
the recorder prints out the final values of the displayed results just prior to turning off 
the instrument. 

8 Replace the battery if the recorded value for ELAPSED TIME is less than 150 minutes 
(2.5 hours) or the value for elapsed LOW BATTERY TIME is less than 10 minutes.

9 Turn the Energy Select control to the Off (Standby) position. 

10 Fully recharge the battery by plugging the instrument into AC power for 18 hours. Ver-
ify that the  and  lights are on. 

11 The instrument is now ready to be returned to service.

BATTERY TEST
START VOLTAGE: xx.xxx (volts)
VOLTAGE NOW: xx.xxx (volts)
ELAPSED TIME: xx (minutes)
LOW BATTERY TIME: xx (minutes)

TURN OFF TO EXIT DIAGNOSTIC

START VOLTAGE: The battery voltage when the test started. 
VOLTAGE NOW: The battery voltage at the present time. 
ELAPSED TIME: The elapsed time since the test started. The time 

includes the LOW BATTERY TIME.
LOW BATTERY TIME: The length of time that the battery has been below the 

low battery warning level. 

$&�32:(5 %$77�&+5*
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Printing the System (Error) Log

When an error occurs during normal operation, an error code associated with the error is 
stored in memory in the error log. Selecting  in the setup/diagnostic menu 
prints the stored error log. To decipher an error code on the printout, refer to the error lists 
in Chapter 4, Troubleshooting. Store the error log printout with the defibrillator’s 
permanent maintenance record.

When the printout is complete, you can select another test from the setup/diagnostic menu.

Care and Cleaning

The defibrillator and its accessories are chemically resistant to common cleaning solutions 
and non-caustic detergents. The following list includes some approved cleaning solutions.

• 90% Isopropyl alcohol (except adapters and patient cable)

• Soap and water

• Chlorine Bleach (30ml/l water)

Keep the outside of the instrument clean and free of dust and dirt. Clean the paddles
thoroughly to prevent build-up of dried electrolyte paste. 

Do not allow any fluids to penetrate the instrument case. Avoid pouring fluid on the unit 
while cleaning.

Do not use abrasive cleaners, or strong solvents such as acetone, or acetone-based 
compounds.

Clean the display screen carefully. It is especially sensitive to rough handling and is 
subject to scratching.

Do not steam-sterilize the monitoring leads, submerge them for prolonged periods, or heat 
them above 50°C. If metallic surfaces become oxidized, clean them with a very light
abrasive (toothpaste). Do not use highly abrasive cleaners, such as steel wool or silv
polish.

Do not steam- or gas-sterilize the external paddle set.

For detailed information on cleaning and sterilizing the internal paddles, see the 
"Maintaining the Defibrillator" chapter in the CodeMaster XL+ Defibrillator/Monitor 
User’s Guide.

PRINT LOG

127(
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3Equipment List

Table 3-5 lists specifications that must be met by the equipment used to verify 
performance of the defibrillator. This equipment is commercially available.

In addition, a test load is available for testing the external pads adapter (HP M1781A).

7DEOH���� (TXLSPHQW�/LVW

(TXLSPHQW�7HVW 6SHFLILFDWLRQV
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3Performance Verification Checklist

Model number   _______________________________________________________
Serial number   ________________________________________________________
Test date  ____________________________________________________________
Test technician    _______________________________________________________

Visual Inspection

Disconnect the defibrillator from AC power and inspect for the following:

o Loose or missing hardware.

o Frayed or damaged wiring.

o Mechanical damage.

o Evidence of liquid spill.

o Dirt on the thermal printhead 

o Recorder roller wear.

o Wear or damage to power cord and associated strain relief.

o Corroded or damaged electrodes.

o Damaged adaptors or patient cables.

Connect the defibrillator to AC power and verify the following:

o The  and  indicators are lit 

o The  and  indicators light momentarily, when you turn the Energy 
Select control to Monitor On to turn on the defibrillator. 

Enter the data to record in the format V:x, where x is p (pass) or  f (fail). 
For example: V:p. 

Calibration Test 

o Calibrate Defibrillator

Enter the data to record in the format C:x, where x is p (pass) or  f (fail). 
For example: C:p. 

Defibrillator Test

(Conduct these tests in setup/diagnostic mode)

Using only battery power, set Energy Select to 100; test the following:

$&�32:(5 %$77�&+5*
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o Msec. to charge—aaaa

o Delivered Energy—bbb

o Impedance—cc

o Peak Current—dd

Using only battery power, set Energy Select to 360; test the following:

o MSec. to charge—eeee

o Delivered Energy—fff

o Impedance—gg

o Peak Current—hh

Using AC power (battery removed), set Energy Select to 360; test:

o MSec. to charge—iiii

o Delivered Energy— jjj

o Impedance—kk

o Peak Current—ll

o Disarm Test—m

Enter the data to record in the format DT:aaaa,bbb,cc,dd,eeee,fff,gg,hh
iiii,jjj,kk,ll,m. For example: DT:1300,100,50,30,3600,360,50,55,12000,360,50,
55,p. 

ECG Tests

o Leads Status, Paddle Status, and DSP Status—x

o DC Offset—aaa

o PCI Calibration

o paddles shorted—e

o paddles in pocket—fff
Enter the data to record in the format E:x,aaa,e,fff. For example:
E:p,0,1,60. 
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Auxiliary Function Tests

o CRT Test

o Recorder Test

o Controls Test

o Indicator Test

Enter the data to record in the format A:x, where x is p (pass) or  f (fail). 
For example: A:p. 

Pacer 

o Pacer Test (Option installed)

o Selected Output set to 40mA—aa

o Selected Output set to 100mA—bbb

Enter the data to record in the format PT:aa,bbb. For example: PT:40,99.

Parameter Function Tests

o SpO2Test (Option)

o HR Alarm Test

o ECG Simulation Test

o Synch Cardioversion Test
set unit to sync mode, check if defibrillator fires in synch

Enter the data to record in the format F:x, where x is p (pass) or  f (fail). 
For example: F:p. 

Safety Tests

o Chassis-to-Ground Resistance Test—aaa

o Ground wire Leakage Current Test—bbb

o Enclosure Leakage Current Test—ccc

o Patient Lead Leakage Current Test

o To Ground—dd

o Between patient leads—ee

o With line voltage applied—ff

Enter the data to record in the format S:aaa,bbb,ccc,dd,ee,ff; for example:
S:09,400,90,77,16. 
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Note: When recording test results, separate tests by a semi-colon(;). For example: 
V:p;C:p;DT:1300,100,50,30,3600,360,50,55,p;E:p,0,1,60;A:p;PT:40,99;F:p;
S:09,400,90,7,7,16

Print out the system (error) log. Store the printout with the defibrillator’s permanent 
maintenance record.

Print out the setup menu settings. Store the printout with the defibrillator’s permanent 
maintenance record.

Comments:
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4Introduction 

This chapter provides information for localizing defibrillator/monitor problems to the 
assembly level. This troubleshooting information is designed for use with the 
defibrillator’s setup/diagnostic tests to efficiently repair the defibrillator with a minimum 
of equipment.

Maintenance Philosophy 

The repair philosophy for the defibrillator is assembly replacement. Replaceable 
assemblies are identified in Chapter 6, Parts Lists. 

Individual component replacement should not be attempted outside of an authorized HP 
repair facility. Component level repair is extremely difficult due to the extensive use of 
surface mount technology and the high parts-density on the circuit boards. Unauthorized 
component replacement can impair defibrillator performance.

Troubleshooting Guide 

The following information suggests ways of using the information in this manual to 
troubleshoot defibrillator failures.

Verify the Failure 

Before troubleshooting the defibrillator, make sure that the failure is not the result of 
improper use. See the CodeMaster XL+ User’s Guide for a condensed description of 
controls and their use.

The built-in diagnostic tests are useful for verifying some failures. See “Using Setup/
Diagnostic Tests in Troubleshooting” on page 4-2 for a description of these tests.

Check the Error (System) Log 

Print the error log to see if it contains an error code. You can clear the error log, ope
the defibrillator and repeat the failure, and then print the error log to see if the failure
created a new error code. See “The System Log” on page 4-4 for detailed informatio
error codes.

&$87,21
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Using the Troubleshooting Tables

Check to see which functional areas of the defibrillator are affected. The troubleshooting 
tables organize symptoms by type: audible, displayed, and symptoms specific to a 
functional area of the defibrillator.

In the tables, find the symptoms that apply to the instrument failure.

Try the solutions suggested in the tables for the symptoms of your defibrillator.

Before replacing parts, check that cables and connectors are seated, check that boards are 
seated and look for damaged parts.

In the tables, replace the first board listed, since the board most likely to fail is usually 
listed first. Verify that the failure still exists; then, replace the next board listed.

After repair, verify that the defibrillator operates to specification. See “Verification afte
Repair” on page 4-2 for detailed information.

Using Setup/Diagnostic Tests in Troubleshooting 

The setup/diagnostic tests are built-in, menu-driven tests that can quickly check 
defibrillator operation without the use of additional equipment. The tests check these
functional areas:

Instructions for entering and using setup/diagnostic mode are found in Chapter 3, 
Performance Verification and Maintenance.

Verification after Repair 

After repairing the defibrillator, perform the tests described in Chapter 3, Performance 
Verification and Maintenance, to verify operation of the defibrillator to specifications. 
In addition, perform the defibrillator calibration and the defibrillator test in the built-in
menu tests; see Chapter 2, Setup and Configuration, for test descriptions.

Defibrillator Test Checks defibrillator charging and verifies post shock data 
(Ipeak, delivered energy and patient impedance) 

ECG (monitor) Test Verifies monitor operation 
CRT Test Displays a test pattern 
Recorder Test Prints a test strip 
Controls Test Allows you to verify keypanel operation; on-screen indica-

tion gives direct feedback when a key is pressed 
Indicators Test Cycles the keypanel indicators so that you can verify LED 

operation; tests the CRT Alert tones. 
Battery Test Checks battery charge capacity
4-2
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Test Equipment 

The following test equipment is required to troubleshoot the defibrillator as described in 
this chapter. This equipment is all commercially available.

•   A digital voltmeter such as the HP E2373A handheld multimeter. 

•   12-lead ECG simulator. 

•   Pacer tester. 

•   Energy meter.

•   Paddles ECG simulator (built into many manufacturers energy meter). 

•   SpO2

Safety Considerations 

• 7R�UHPRYH�SRZHU�IURP�WKH�LQVWUXPHQW��\RX�PXVW�WXUQ�WKH�(QHUJ\�6HOHFW�FRQWURO�
WR�2II��6WDQGE\���XQSOXJ�WKH�LQVWUXPHQW�IURP�$&�SRZHU��DQG�UHPRYH�WKH�
EDWWHU\��'LVFRQQHFWLQJ�WKH�XQLW�IURP�$&�SRZHU�ZLOO�QRW�UHPRYH�SRZHU�EHFDXVH�
WKH�EDWWHU\�SRZHUV�WKH�LQVWUXPHQW�ZKLOH�$&�SRZHU�LV�XQDYDLODEOH�

• 7R�GLVDUP�D�FKDUJHG�LQVWUXPHQW��WKHUH�DUH�WKUHH�PHWKRGV�

•  7XUQ�WKH�(QHUJ\�6HOHFW�FRQWURO�WR�WKH�2II��6WDQGE\��SRVLWLRQ��

•   3ODFH�WKH�SDGGOHV�LQ�WKHLU�KROGHUV�RQ�WKH�GHILEULOODWRU��DQG�GHSUHVV�ERWK�
VKRFN�EXWWRQV�RQ�WKH�SDGGOHV��

•   ,Q�PDQXDO�PRGH��$IWHU����VHFRQGV��WKH�XQLW�DXWRPDWLFDOO\�GLVDUPV�
,Q�VKRFN�DGYLVRU\�PRGH��DIWHU����VHFRQGV��WKH�XQLW�DXWRPDWLFDOO\�GLVDUPV�

• %HIRUH�UHPRYLQJ�RU�LQVHUWLQJ�DQ\�ERDUG�RU�FRQQHFWRU��GLVFRQQHFW�WKH�
LQVWUXPHQW�IURP�$&�SRZHU��DQG�UHPRYH�WKH�EDWWHU\�

• 7KH�GHILEULOODWRU�VWRUHV�KLJK�YROWDJH�HQHUJ\�DQG�LV�FDSDEOH�RI�GHOLYHULQJ�XS�WR�
����MRXOHV�RI�'&�HQHUJ\�WR�D����RKP�LPSHGDQFH��

:$51,1*
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4The System Log 

The system log is battery-maintained memory that stores error codes for the last error 
event that the instrument detected. In addition, the system log contains software version 
and instrument option information. The system log can be printed by entering the setup/
diagnostic menu and selecting  as explained in Chapter 3, Performance 
Verification and Maintenance. See Figure 4-1.

)LJXUH����

6\VWHP��(UURU��/RJ�)RUPDW� 4-1

PRINT LOG

SYSTEM LOG
ERROR CODE: xx
ERROR OCCURRED: "dd mm"
SOFTWARE VERSION: xx.xx.xx.xx
OPTIONS: a.xy
SHOCKS: xxxx
Calibration status See description below.

ERROR 
CODE:

The error code of a run-time error. 

ERROR 
OCCURRED:

The date and time that the error occurred according to the system 
clock. 

SOFTWARE 
VERSION:

The software version of the firmware installed in the defibrillator; the 
version line has the following format:
Monitor code revision.Reserved.DSP code revi-
sion.Defib code revision.

OPTIONS:  a code in the form of: a.xy 
 a = instrument, 0 = M1722A/B, 1 = M1723A/B
 For an M1723A/B the second option number is always 0
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*FV = Feature Vector is also called "Measurement Matrix."

EMS filter and Measurement Matrix set up features are software revision dependent 
(software revision: 57.00.52.33).

To activate these features, press the following keys: highlight "Setup Menu 1", press the 
"Select" key, then press simultaneously:

Pace Pulse   

Measurement Matrix   

To activate these features, press the following keys: highlight "Setup Menu 2", press the 
"Select" key, then press simultaneously:

Auto Gain     

EMS ECG   

; $FWLYDWH ZKHUH� Y $FWLYDWH ZKHUH�
� 1RWKLQJ $ �(06��(&* � 1RWKLQJ 3�3U� �3DFHU�3UHVHQW
� 3�3� $* �$XWR�*DLQ � 3�3U� 6S2�
� )9 )9 )HDWXUH�9HFWRU
 � 6S2�
� 33�	�9HFWRU 33 3DFH�3XOVH � 3�3U��	�6S2�
� $*
� $*�	�33
� $*�	�)9
� $*�	�)9�	�33
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� $�	�33
$ $�	�)9
% $�	�)9�	�33
& $�	�$*
' $�	�$*�	�33
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Error Codes 

Table 4-1 describes the errors that can appear in the error log and suggests solutions.

Replace the board assemblies in the order shown. After replacing a board assembly, check 
to see if the problem has been resolved. If the problem is still present, replace the next 
board assembly listed. When the instrument is working properly, clear the error log. See 
“Clearing the Error Log” on page 4-9 for detailed information.

If more than one defibrillator error occurs, the codes for those errors are summed and 
printed in hexadecimal form. The hexadecimal sum of any combination of these error 
codes yields a unique number. For example, an error code of 0AC can only be formed by 
the sum of error codes 080, 020, 008, and 004. 

SHOCKS: The number of shocks since the shock counter was last reset. 
Calibration 
status:

This area will contain one of these: 

• CALIBRATION PASSED dd mmm yy—The last defibrillator 
calibration (on the date shown) was successful.

• CALIBRATION FAILED dd mmm yy —The last defibrillator 
calibration (on the date shown) failed; the defibrillator will still 
function but charge energy levels may not be accurate (the 
defibrillator will use a nominal value for the charge capacitor). 

• CALIBRATE DEFIB—The defibrillator has not been calibrated 
or the calibration value has been lost. The defibrillator will still 
function but charge energy levels may not be accurate (the 
defibrillator will use a nominal value for the charge capacitor).

127(
4-6
May 17, 2000 4:05 pm DRAFT



7URXEOHVKRRWLQJ
7KH�6\VWHP�/RJ
 

7DEOH���� (UURU�&RGHV

(UURU�&RGH (UURU�'HVFULSWLRQ 3RVVLEOH�6ROXWLRQ

��� 7KH�+9�FDSDFLWRU�FKDUJHV�DW�OHVV�WKDQ���
MRXOHV�VHFRQG

� 5HSODFH�KLJK�YROWDJH�ERDUG��
� 5HSODFH�FRQWURO�ERDUG��
� 5HSODFH�+9�FDSDFLWRU��

��� 7KH�+9�FDSDFLWRU�FKDUJHV�WR�PRUH�WKDQ�
�����RI�WKH�GHVLUHG�YROWDJH�

� 5HSODFH�FRQWURO�ERDUG��
� 5HSODFH�KLJK�YROWDJH�ERDUG��

��� 8QH[SHFWHG�GURS�LQ�+9�FDSDFLWRU�YROWDJH� � �5HSODFH�KLJK�YROWDJH�ERDUG��
� 5HSODFH�FRQWURO�ERDUG�
� 5HSODFH�+9�FDSDFLWRU��

��� 8QH[SHFWHG�YROWDJH�RQ�+9�FDSDFLWRU � 5HSODFH�KLJK�YROWDJH�ERDUG�
� 5HSODFH�FRQWURO�ERDUG�

��� 7KH�VDIHW\�UHOD\�KDV�IDLOHG� � 5HSODFH�KLJK�YROWDJH�ERDUG�
� 5HSODFH�FRQWURO�ERDUG��

��� 7KH�VXSSO\�YROWDJH�LV�RXWVLGH�WKH�QRPLQDO�
UDQJH�

� 5HSODFH�SRZHU�VXSSO\�
� 5HSODFH�FRQWURO�ERDUG��

���
���
���

$�SDWLHQW�UHOD\�GULYH�IDLOXUH�ZDV�GHWHFWHG� � &KHFN�SDWLHQW�UHOD\�FRLO�UHVLVWDQFH��,I�
RXWVLGH�QRPLQDO�UDQJH�����RKPV����
RKP��UHSODFH�SDWLHQW�UHOD\��

� 5HSODFH�KLJK�YROWDJH�ERDUG�
� 5HSODFH�FRQWURO�ERDUG��

��� $�SRZHU�RQ�IDLOXUH�KDV�RFFXUUHG� 5HSODFH�FRQWURO�ERDUG��

��� 'HILEULOODWRU�FRQWURO�ILUPZDUH�IDLOXUH�KDV�
RFFXUUHG�

� 6HQG�HUURU�ORJ�DQG�GHVFULSWLRQ�RI�IDLOXUH�
WR�WKH�IDFWRU\��

� &\FOH�SRZHU��,I�SUREOHP�SHUVLVWV��
UHSODFH�FRQWURO�ERDUG��

0RQLWRU�&RGHV�
�[[[[ )RU�PRVW�PRQLWRU�HUURU�FRGHV��WKH�FDXVH�LV�

SUREDEO\�WKH�FRQWURO�ERDUG�

����� 0RQLWRU�ILUPZDUH�IDLOXUH�KDV�RFFXUUHG� � 6HQG�HUURU�ORJ�DQG�GHVFULSWLRQ�RI�IDLOXUH�
WR�WKH�IDFWRU\��

� &\FOH�SRZHU��,I�SUREOHP�UHFXUV��UHSODFH�
FRQWURO�ERDUG��

����� 'HILEULOODWRU�WLPHRXW��GRHV�QRW�UHWXUQ�VKRFN�
LQIRUPDWLRQ��

� 6HQG�HUURU�ORJ�DQG�GHVFULSWLRQ�RI�IDLOXUH�
WR�WKH�IDFWRU\��

� &\FOH�SRZHU��,I�SUREOHP�UHFXUV��UHSODFH�
FRQWURO�ERDUG�

����� 'HILEULOODWRU�WLPHRXW��GRHV�QRW�DFFHSW�FRQ�
ILJXUDWLRQ��

� 6HQG�HUURU�ORJ�DQG�GHVFULSWLRQ�RI�IDLOXUH�
WR�WKH�IDFWRU\�

� &\FOH�SRZHU��,I�SUREOHP�UHFXUV��UHSODFH�
FRQWURO�ERDUG�
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����� 'HILEULOODWRU�WLPHRXW��GRHV�QRW�DFFHSW�(&*�
GDWD��

� 6HQG�HUURU�ORJ�DQG�GHVFULSWLRQ�RI�IDLOXUH�
WR�WKH�IDFWRU\��

� &\FOH�SRZHU��,I�SUREOHP�UHFXUV��UHSODFH�
FRQWURO�ERDUG�

� 5HSODFH�IURQW�HQG�ERDUG�

����� &ORFN�WLPHRXW��7LPH�2XW�'RQH�FORFN�LV�QRW�
UHDG\��

5HSODFH�FRQWURO�ERDUG�

����� 5HVHUYHG

����� 5HVHUYHG

)URQW�(QG�&RGHV� �[[[[

����� 6HTXHQWLDO�GDWD�HUURU &\FOH�SRZHU��,I�SUREOHP�UHFXUV��UHSODFH�
IURQW�HQG�ERDUG�

����� 7RWDO�GDWD�HUURU � 5HSODFH�IURQW�HQG�ERDUG�
� 5HSODFH�FRQWURO�ERDUG��

����� '63�WLPHRXW��%DFN�XS�7LPHU�LQWHUUXSW�� 5HSODFH�FRQWURO�ERDUG�

����� )URQW�HQG�KDUG�IDLOXUH� 5HSODFH�IURQW�HQG�ERDUG�

3DFHU�&RGHV� �[[[[�

�����
�����
�����
�����
�����

3DFHU�IDLOXUH� � &KDQJH�SDGV�DQG�FKHFN�SDGV�DGDSWHU�
FDEOH�

� &\FOH�SRZHU�RQ�LQVWUXPHQW�
� 5HVWDUW�WKH�SDFHU�
,I�HUURU�UHRFFXUV��
� 5HSODFH�SDFHU�ERDUG�
� 5HSODFH�WKH�FRQWURO�ERDUG��

3URFHVVRU�&RGHV�

����������� &RQWURO�ERDUG�IDLOXUH� 5HSODFH�FRQWURO�ERDUG�

7DEOH���� (UURU�&RGHV

(UURU�&RGH (UURU�'HVFULSWLRQ 3RVVLEOH�6ROXWLRQ
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If an error repeats, use the appropriate setup/diagnostic test to help locate the failure. The 
setup/diagnostic tests are described in Chapter 3, Performance Verification and 
Maintenance.

Clearing the Error Log 

After servicing the defibrillator/monitor, it is important to reset (clear) the error log. 
This process clears the entries for ‘‘Error Code'' and ‘‘Error Occurred''.

To clear the error code from the error log, follow these steps: 

1 Place the defibrillator in diagnostic mode.

2 On the setup/diagnostic menu, move the highlight bar over .

3 Press the  and  keys simultaneously. 

Turn the Energy Select control to the Off (Standby) position, to exit the setup/diagnostic
menu.

6S2��&RGHV� �[[[[

����� 7KH�6S2��VHQVRU�LV�EURNHQ� $WWDFK�QHZ�VHQVRU�DQG�FDEOH�

����� 8QDEOH�WR�FRPPXQLFDWH�ZLWK�WKH�GXDO�SRUW�
5$0�

� &\FOH�6S2��SRZHU�
� 5HSODFH�6S2��ERDUG�

����$ +DUGZDUH�IDLOXUH�RQ�WKH�6S2��PRGXOH� � &\FOH�6S2��SRZHU�
� 5HSODFH�6S2��ERDUG�

����% 7KH�6S2��PRGXOH�SURFHVVLQJ�XQLWV�FDQQRW�
FRPPXQLFDWH�

� &\FOH�6S2��SRZHU�
� 5HSODFH�6S2��ERDUG�

����' 6RIWZDUH�SUREOHP�LQ�WKH�6S2��PRGXOH� � &\FOH�6S2��SRZHU�
� 5HSODFH�6S2��ERDUG�

����( 7KH�PRQLWRU�FDQQRW�FRPPXQLFDWH�ZLWK�WKH�
6S2��PRGXOH�

� &\FOH�6S2��SRZHU�
� 5HSODFH�6S2��ERDUG�

7DEOH���� (UURU�&RGHV

(UURU�&RGH (UURU�'HVFULSWLRQ 3RVVLEOH�6ROXWLRQ

PRINT LOG

6\QF +5�$ODUP
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4Troubleshooting Tables

The troubleshooting tables in this section help you to locate a fault and correct it. The 
following tables list errors and failure symptoms that can occur at power on, during 
normal operation, or as a result of setup/diagnostic tests. The tables define and explain the 
errors, and suggest one or more corrective actions for each.

The troubleshooting tables include the following: 

Table 4-2 Describes tones made by the defibrillator.
Table 4-3 Explains system-level messages that the defibrillator can display. 
Table 4-4 Describes displayed messages indicating defibrillator/monitor fail-

ures. 
Table 4-5 Describes displayed messages that indicate pacer malfunction. 
Table 4-6 Describes displayed messages that indicate a malfunction of the 

pulse oximeter.
Table 4-7 Describes failure messages that the recorder can print. 
Table 4-8 Lists indications of improper use. 
Table 4-9 Describes indications of power supply or main battery failures.
Table 4-10 Lists recorder problems and their symptoms.
Table 4-11 Lists symptoms display and logic failures.
Table 4-12 Describes keypanel failures and their symptoms.
Table 4-13 Describes defibrillator problems and their symptoms.
Table 4-14 Describes pacer problems and their symptoms.

7DEOH���� $XGLEOH�,QGLFDWRUV

7RQH &DXVH 3RVVLEOH�6ROXWLRQV

:KLOH�DOO�NH\SDQHO�/('V�DUH�OLW��
D�EHHS�DERXW���VHFRQG�ORQJ�

$W�SRZHU�RQ��LQGLFDWHV�SRZHU�RQ�F\FOH�LV�
QRUPDO�

1RQH�UHTXLUHG��

$�FRQWLQXRXV�EHHS��DERXW���
VHFRQGV�ORQJ�

$W�SRZHU�RQ��WKH�PRQLWRU�DQG�GHILEULOODWRU�
DUH�QRW�FRPPXQLFDWLQJ�

7KH�PDOIXQFWLRQ�LV�SUREDEO\�LQ�
WKH�PRQLWRU�FLUFXLWV��WKH�
GHILEULOODWRU�PD\�VWLOO�IXQFWLRQ�
SURSHUO\��5HSODFH�WKH�FRQWURO�
ERDUG�DV�UHFRPPHQGHG�LQ�7DEOH�
�����

$�UHSHDWLQJ�WRQH�WKDW�DOWHU�
QDWHV�EHWZHHQ�WZR�IUHTXHQ�
FLHV�

$W�DQ\�WLPH��WKH�LQVWUXPHQW�HPLWV�WKLV�WRQH�
EHJLQQLQJ���PLQXWH�EHIRUH�VKXWGRZQ�GXH�WR�
ORZ�EDWWHU\�FKDUJH�
7KH�EDWWHU\�YROWDJH�LV�OHVV�WKDQ������9
7KH�EDWWHU\�YROWDJH�LV�WRR�ORZ�DQG�WKH�EDW�
WHU\�GRHV�QRW�UHFKDUJH�

&RQQHFW�WKH�LQVWUXPHQW�WR�$&�
SRZHU�VR�WKDW�WKH�EDWWHU\�FDQ�
UHFKDUJH��
&KHFN�WKH�EDWWHU\�FDEOH�FRQ�
QHFWLRQV�WR�WKH�KLJK�YROWDJH�
ERDUG�
&KHFN�WKH�EDWWHU\�FDSDFLW\�E\�
UXQQLQJ�WKH�´%DWWHU\�&DSDFLW\�
7HVWµ�RQ�SDJH������
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Other tones normally occur because various functions are enabled. See “Auxiliary 
Function Tests—Indicator Test” on page 3-22 for descriptions of these tones.

127(

7DEOH���� 2Q�VFUHHQ�6\VWHP�0HVVDJHV

0HVVDJH 3RVVLEOH�6ROXWLRQ

DEFIB FAILURE 7URXEOHVKRRW�GHILEULOODWRU�VXEV\VWHPV��&KHFN�(UURU�/RJ�DQG�WURXEOHVKRRW�SHU�HUURU�
FRGH�

MONITOR FAILURE ���5HSODFH�IURQW�HQG�ERDUG��
���5HSODFH�FRQWURO�ERDUG��

PACER FAILURE 5HSODFH�SDFHU�ERDUG�

SPO2 FAILURE � &\FOH�6S2��SRZHU�
� 5HSODFH�6S2��ERDUG�

SYSTEM FAILURE 5HSODFH�FRQWURO�ERDUG�

7DEOH���� 2Q�VFUHHQ�'HILEULOODWRU�0RQLWRU�0HVVDJHV

0HVVDJH &DXVH 3RVVLEOH�6ROXWLRQV

50J MAX ,QWHUQDO�SDGGOHV�DUH�DWWDFKHG�DQG�WKH�(QHUJ\�
6HOHFW�FRQWURO�KDV�EHHQ�WXUQHG�SDVW����MRXOHV�

3DGV�$GDSWHU�&DEOH

'HILEULOODWRU�ZLOO�DXWRPDWLFDOO\�OLPLW�
WKH�FKDUJH�WR����MRXOHV��LQWHUQDO�SDG�
GOHV�OLPLW���)RU�D�KLJKHU�FKDUJH�OHYHO��
XVH�H[WHUQDO�SDGGOHV�RU�SDGV��

5HSODFH�WKH�3DGV�$GDSWHU�&DEOH

CHECK 
RECORDER����
VHFRQGV�

7KH�UHFRUGHU�GRRU�LV�RSHQ��RU�WKH�UHFRUGHU�LV�RXW�
RI�SDSHU�

&ORVH�WKH�UHFRUGHU�GRRU�RU�UHSODFH�WKH�
SDSHU�UROO��VHH�&KDSWHU����

DEFIB DIS-
ARMED
����VHFRQGV�

'HILEULOODWRU�KDV�LQWHUQDOO\�GLVFKDUJHG�HQHUJ\�DQG�
LV�QRZ�GLVDUPHG�

'HILEULOODWRU�QRUPDOO\�GLVDUPV�DIWHU�
KROGLQJ�WKH�FKDUJH�OHYHO�IRU�DERXW����
VHFRQGV�LQ�0DQXDO�0RGH�DQG����VHF�
RQGV�LQ�6KRFN�$GYLVRU\�0RGH��3UHVV�

�WR�FKDUJH�WR�WKH�
VHOHFWHG�HQHUJ\�OHYHO��

LEADS OFF�
GLVSOD\HG�RQ�VFUHHQ�
���VHFRQGV��

/RRVH�RU�GHIHFWLYH�SDWLHQW�FDEOH��FDEOH�FRQQHF�
WRUV�

&KHFN�FDEOH�DQG�FRQQHFWRUV�IRU�GDP�
DJH��7LJKWHQ�FRQQHFWRUV�DV�QHFHV�
VDU\��5HSODFH�GDPDJHG�RU�GHIHFWLYH�
FDEOH��

&KDUJH
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LEADS OFF�
QRW�LQGLFDWHG�ZKHQ�
ZLUH�LV�RII�

'LUW\�FRQWDFWV�RQ�FRQQHFWRU�IRU�OHDGZLUHV� (QVXUH�WKH�FRQWDFWV�RQ�WKH�FRQQHFWRU�
DUH�FOHDQ�DQG�GU\��

'HIHFWLYH�RU�GLUW\�OHDGZLUH�

3DGV�$GDSWHU�&DEOH

&OHDQ�DQG�VZDS�DURXQG�WR�LVRODWH�
GHIHFWLYH�OHDGZLUH��5HSODFH�GHIHF�
WLYH�OHDGZLUH�

5HSODFH�3DGV�$GDSWHU�&DEOH

LEADS OFF�
LQGLFDWHG����VHF�
RQGV��ZKHQ�ZLUH�LV�
QRW�RII�

3RRU�HOHFWURGH�FRQWDFW�� ,PSURYH�SDWLHQW�SUHSDUDWLRQ�

'HIHFWLYH�OHDGZLUH� 5HPRYH�OHDGZLUH�DQG�LQVWDOO�VKRUWLQJ�
SOXJ��

LOW BAT-
TERY

'HILEULOODWRU�LV�QRW�FRQQHFWHG�WR�$&�SRZHU�DQG�
WKH�EDWWHU\�YROWDJH�LV�EHORZ������YROWV�'&�

&RQQHFW�WKH�XQLW�WR�$&�SRZHU��

0HVVDJH�UHPDLQV�ZLWK�$&�SRZHU�DSSOLHG�DQG�$&�
32:(5�/('�LV�OLW�

7URXEOHVKRRW�SRZHU�VXSSO\�RU�EDWWHU\��
6HH�7DEOH������

0HVVDJH�UHPDLQV�ZLWK�$&�SRZHU�DSSOLHG�DQG�$&�
32:(5�/('�LV�QRW�OLW�

'R�HDFK�DV�QHFHVVDU\��
� &KHFN�SRZHU�FRUG��
� &KHFN�SRZHU�VXSSO\�$&�FRQQHF�

WLRQV�DQG�FDEOH�WR�FRQWURO�ERDUG��
� 5HSODFH�SRZHU�VXSSO\��
� 5HSODFH�FRQWURO�ERDUG��

NO PADDLES 3DGGOH�VHW�LV�QRW�FRQQHFWHG�WR�WKH�GHILEULOODWRU� $WWDFK�H[WHUQDO�SDGGOHV��LQWHUQDO�SDG�
GOHV��RU�SDGV�DGDSWHU�DV�UHTXLUHG��

3DGGOHV�VHW�LV�DWWDFKHG��EXW�FRQQHFWRU�ORFN�LV�QRW�
LQ�ORFN�SRVLWLRQ�

3XVK�SDGGOH�FRQQHFWRU�ORFN�WR�WKH�
ORFN�SRVLWLRQ��

3DGGOHV�VHW�LV�SURSHUO\�DWWDFKHG��EXW�WKH�SDGGOHV�
VHW�LV�GHIHFWLYH�

5HSODFH�SDGGOHV�VHW�

SETUP LOST 7KH�PHPRU\�WKDW�VWRUHV�WKH�VHWXS�KDV�EHHQ�FRU�
UXSWHG��3HUIRUP�RQO\�WKH�VWHSV�UHTXLUHG�WR�
UHVROYH��&KHFN�DIWHU�HDFK�VWHS�

� 5HVWRUH�VHWXS�E\�FKDQJLQJ�D�
SDUDPHWHU��7KHQ�YHULI\�WKDW�WKH�
6(783�/267�PHVVDJH�LV�JRQH�

� 5HSODFH�FRQWURO�ERDUG��5HLQVWDOO�
EDWWHU\��GR�QRW�FRQQHFW�$&�
SRZHU��7XUQ�RQ�LQVWUXPHQW�DQG�
FKDQJH�D�VHWXS�SDUDPHWHU��9HULI\�
WKDW�WKH�6(783�/267�PHVVDJH�LV�
JRQH�

� 5HSODFH�OLWKLXP�EDWWHU\��5HLQVWDOO�
PDLQ�EDWWHU\��GR�QRW�FRQQHFW�$&�
SRZHU��7XUQ�RQ�LQVWUXPHQW�DQG�
FKDQJH�D�VHWXS�SDUDPHWHU��9HULI\�
WKDW�WKH�6(783�/267�PHVVDJH�LV�
JRQH��

7DEOH���� 2Q�VFUHHQ�'HILEULOODWRU�0RQLWRU�0HVVDJHV

0HVVDJH &DXVH 3RVVLEOH�6ROXWLRQV
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USE LEADS 3DGGOHV�DUH�FRQQHFWHG�WR�WKH�GHILEULOODWRU�DQG�

��� �ZDV�SUHVVHG�ZKHQ�PADDLES�
ZDV�VHOHFWHG�

���8VH�PADS�RU�VHOHFW�LEAD 
I, II��RU�III�LQVWHDG�RI�
PADDLES��3UHVV� �WR�
UHPRYH�WKH�GHILEULOODWRU�IURP�V\QF�
PRGH��

���'HILEULOODWRU�LV�LQ�V\QF�PRGH�DQG�PADDLES�
LV�VHOHFWHG�

���8VH�PADS��RU�VHOHFW�LEAD 
I, II��RU�III�LQVWHDG�RI�
PADDLES�

���'HILEULOODWRU�LV�LQ�'HILE�PRGH�DQG�PAD-
DLES�VHOHFWHG�ZKHQ�OHDGV�DUH�DWWDFKHG�WR�WKH�
SDWLHQW�

���8VH�PADS�RU�VHOHFW�LEAD 
I, II��RU�III�LQVWHDG�RI�
PADDLES�

7DEOH���� 2Q�VFUHHQ�'HILEULOODWRU�0RQLWRU�0HVVDJHV

0HVVDJH &DXVH 3RVVLEOH�6ROXWLRQV

6\QF

6\QF

7DEOH���� 2Q�VFUHHQ�3DFHU�0HVVDJHV��2SWLRQ�LQVWDOOHG�

0HVVDJH &DXVH 3RVVLEOH�6ROXWLRQV

ATTACH 
PADS

3DGV�DGDSWHU�FDEOH�LV�DWWDFKHG�� �ZDV�

SUHVVHG�DQG�SDGV�DUH�QRW�DWWDFKHG�� �
ZDV�SUHVVHG�DQG�SDGV�DUH�QRW�DWWDFKHG�

$WWDFK�WKH�SDFHU�SDGV��

NO PADS 3DFHU�LV�RQ�DQG�RQH�RI�WKH�IROORZLQJ�RFFXUV�
� 1R�SDGV�DGDSWHU�DWWDFKHG�
� 3DGGOHV�DWWDFKHG�
� ,QWHUQDO�SDGGOHV�DWWDFKHG�
� 'HIHFWLYH�3DG�$GDSWHU�&DEOH

$WWDFK�SDGV�IRU�SDFLQJ��

5HSODFH�3DG�$GDSWHU�&DEOH

PACER 
FAILURE

3DFHU�FDQQRW�GHOLYHU�WKH�UHTXLUHG�FXUUHQW� 7URXEOHVKRRW�SDFHU��

PADS OFF 3DGV�DGDSWHU�FDEOH�LV�DWWDFKHG�DQG�D�SDG�LV�RII�

+LJK�'&�2IIVHW�YROWDJH�

'HIHFWLYH�3DGV�$GDSWHU�&DEOH

$WWDFK�SDGV�IRU�SDFLQJ��

:DLW�IRU�'&�2IIVHW�EOHHGLQJ��XS�WR�
��PLQXWHV�

5HSODFH�3DGV�$GDSWHU�&DEOH

STOP PACER $Q�DWWHPSW�ZDV�PDGH�WR�FKDQJH�SDFLQJ�PRGH�
ZKLOH�SDFLQJ�

6WRS�WKH�SDFHU��SUHVV�
��EHIRUH�\RX�FKDQJH�

WKH�SDFLQJ�PRGH��

&KDUJH

3DFHU�2Q

6WDUW�6WRS
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7DEOH���� 6S2��0HVVDJHV��2SWLRQ�

0HVVDJH &DXVH 3RVVLEOH�6ROXWLRQV�

SPO2 FAIL-
URE

7KH�XQLW�GHWHFWHG�D�IDLOXUH�LQ�6S2��VXEV\VWHP�
KDUGZDUH��7KLV�IDLOXUH�GRHV�QRW�DIIHFW�RWKHU�SDUWV�
RI�WKH�LQVWUXPHQW�

3UHVV�  WZLFH�WR�
SRZHU�F\FOH�WKH�6S2��RSWLRQ��,I�WKH�
HUURU�KDSSHQV�DJDLQ��FDOO�IRU�VHUYLFH�

SPO2 SEN-
SOR FAIL

7KH�VHQVRU�RU�DGDSWHU�FDEOH�LV�EURNHQ� 5HSODFH�WKH�VHQVRU�RU�DGDSWHU�FDEOH�

SPO2 CABLE 
OFF

6HQVRU�RU�FDEOH�LV�GLVFRQQHFWHG� &KHFN�6S2��FRQQHFWLRQV�EHWZHHQ�
GHILEULOODWRU�PRQLWRU�DQG�WKH�VHQVRU�
FDEOH�RU�DGDSWHU�FDEOH�

'DVKHV�DSSHDU�RQ�
GLVSOD\�LQVWHDG�RI�
6S2��UHDGLQJ�

&DQ·W�GHULYH�PHDVXUHPHQW�EHFDXVH�
� 7KH�VHQVRU�LV�QRW�RQ�WKH�SDWLHQW�
� 1R�SXOVH�LV�GHWHFWHG�
� 7KH�VHQVRU�LV�LQFRUUHFWO\�SRVLWLRQHG�
� 7KH�VHQVRU�LV�GHIHFWLYH�

&KHFN�WKH�SDWLHQW�IRU�D�SXOVH��5HDS�
SO\�WKH�VHQVRU��DQG�PDNH�VXUH�LW�LV�
FRUUHFWO\�SRVLWLRQHG��,I�LW�GRHVQ·W�
ZRUN��UHSODFH�WKH�VHQVRU�

SPO2 NOISY 
SIGNAL

,UUHJXODU�SXOVH�SDWWHUQV�
3DWLHQW�PRWLRQ�

5HDSSO\�VHQVRU��
&RQVLGHU�XVLQJ�D�GLIIHUHQW�VHQVRU�
VLWH�

SPO2 LIGHT 
INTERF

7RR�PXFK�LQWHUIHUHQFH�IURP�H[WHUQDO�OLJKW�
'DPDJH�WR�VHQVRU�RU�DGDSWHU�FDEOH�

5HDSSO\�VHQVRU�
7XUQ�RII�OLJKWV�LQ�WKH�URRP�
,I�RWKHU�RSWLRQV�GR�QRW�ZRUN��UHSODFH�
WKH�VHQVRU�

SPO2 LOW 
SIGNAL

%DG�FRQQHFWLRQ�WR�SDWLHQW��RU�SDWLHQW�KDV�SRRU�
SHUIXVLRQ�

&KHFN�WKH�SDWLHQW�IRU�SRRU�SHUIXVLRQ��
5HDSSO\�GLVSRVDEOH�DQG�VHPL�GLVSRV�
DEOH�VHQVRUV�
5HDGMXVW�UHXVDEOH�VHQVRUV�
&RQVLGHU�XVLQJ�D�GLIIHUHQW�VHQVRU�
VLWH�

6S2��2Q�2II

7DEOH���� 3ULQWHG�)DLOXUH�0HVVDJHV

0HVVDJH 3RVVLEOH�6ROXWLRQV

TEST 100J FAILED 'HILE�WHVW�IDLOXUH��GHOLYHUHG�HQHUJ\�FKHFN�IDLOHG�RU�WKH�6KRFN�3DWK�5HGXQGDQF\�
WHVW�IDLOHG��3ULQW�(UURU�/RJ�DQG�WURXEOHVKRRW�SHU�HUURU�FRGH��
:DLW���WR���VHFRQGV�DIWHU�3RZHU�2Q�WR�SUHVV�WKH��&KDUJH��EXWWRQ��7KLV�ZLOO�
DOORZ�WKH�3RZHU�2Q·V�VXEURXWLQH�WHVW�WR�FRPSOHWH�DQG�LGHQWLI\�WKH�SDGGOHV�LQ�
WKHLU�FUDGOHV��
3HUIRUP�3&,�&DOLEUDWLRQ�
7KH�H[WHUQDO�SDGGOH�VHWV�DUH�QRW�UHFRJQL]HG�LQ�WKH�VLGH�SRFNHW�E\�WKH�XQLW��6HDW�
WKH�SDGGOH�VHWV�ILUPO\��%HQG�RXW�WKH�EUDFNHW�LQ�WKH�VLGH�SRFNHW�WR�LPSURYH�FRQ�
WDFW��5HSODFH�WKH�DGXOW�DGDSWRU��
6ZDS�WKH�DGXOW�DGDSWRU�EHWZHHQ�WKH�$SH[�DQG�6WHUQXP�SDGGOH�
8VH�DQ�DEUDVLYH�HUDVHU�WR�FOHDQ�WKH�FRQWDFW�VXUIDFH�RI�WKH�DGXOW�DGDSWRU�DQG�
WKH�EUDFNHW�LQ�WKH�FUDGOH�
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7URXEOHVKRRWLQJ
7URXEOHVKRRWLQJ�7DEOHV
7DEOH���� 2SHUDWLRQ�3UREOHPV�

6\PSWRP &DXVH &RUUHFWLYH�$FWLRQ

1RLV\�OHDG�V���0XVFOH�DUWLIDFW� 3DWLHQW�LV�QRW�UHOD[HG�RU�VNLQ�KDV�
EHHQ�LUULWDWHG�

5HIHU�WR�XVHU
V�JXLGH��

/RZ�TXDOLW\�GLVSRVDEOH�HOHFWURGHV��
OHDGZLUH�DGDSWHUV�

5HSODFH�GLVSRVDEOH�HOHFWURGHV�RU�
OHDGZLUH�DGDSWHUV��

'HIHFWLYH�OHDGZLUHV� ,VRODWH�GHIHFWLYH�OHDGZLUHV�DQG�
UHSODFH�WKHP��

1RLV\�(&*�DPSOLILHU 7HVW�ZLWK�(&*�VLPXODWRU��8VH�GLDJ�
QRVWLF�WHVW��´(&*�7HVWVµ�RQ�SDJH���
����5HSODFH�IURQW�HQG�ERDUG��

1RLV\�WUDFH�RQ�SDGGOHV��SDGGOHV�
LQ�SRFNHWV�

%DG�SDGGOH�FRQWDFW� � &OHDQ�SDGGOHV�DQG�SDGGOH�
FRQWDFWV�

� 5HSODFH�(&*�IURQW�HQG�SDFHU�
ERDUG�

� 5HSODFH�LQWHUQDO�WHVW�ORDG�
UHVLVWRU�

)DLOHG�V\QFKURQL]HG�FDUGLRYHU�
VLRQ�ZLWK�LQWHUQDO�PRQLWRU�WHVW�

5HSODFH�FRQWURO�ERDUG�

7DEOH���� 3RZHU�6XSSO\�DQG�%DWWHU\

6\PSWRP &DXVH &RUUHFWLYH�$FWLRQ�

�LQGLFDWRU�LV�
QRW�OLW�

1R�$&�SRZHU� &KHFN�SRZHU�FRUG��$&�IXVHV�RQ�
SRZHU�VXSSO\�ERDUG��DQG�FRQQHFWRUV��

$&�RQ�LQGLFDWLRQ�IDLOHG� � 5HSODFH�SRZHU�VXSSO\��
� 5HSODFH�FRQWURO�ERDUG��

3RZHU�VXSSO\�IDLOHG� 5HSODFH�SRZHU�VXSSO\��

�LQGLFDWRU�LV�

QRW�OLW��� �LQGL�
FDWRU�LV�OLW��

%DWWHU\�LV�QRW�LQVWDOOHG� ,QVWDOO�WKH�EDWWHU\��FKHFN�WKH�FRQQHF�
WRU��

%DWWHU\�VHQVH�FLUFXLW�IDLOHG� � 5HSODFH�KLJK�YROWDJH�ERDUG��
� 5HSODFH�FRQWURO�ERDUG��

'HILEULOODWRU�ZLOO�QRW�SRZHU�XS�
RQ�$&�RU�EDWWHU\�SRZHU�

3RZHU�VXSSO\�GHIHFWLYH� 5HSODFH�SRZHU�VXSSO\��

&RQWURO�ERDUG�GHIHFWLYH� 5HSODFH�FRQWURO�ERDUG��

$&�32:(5

%$77�&+5*

$&�32:(5
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7URXEOHVKRRWLQJ
7URXEOHVKRRWLQJ�7DEOHV
The diagnostic screen, TEST BATTERY, will provide the following information: 

'HILEULOODWRU�ZLOO�RSHUDWH�RQ�$&�
EXW�QRW�EDWWHU\�SRZHU�

%DWWHU\�IXVH�LV�EORZQ� 5HSODFH�EDWWHU\�IXVH�RQ�EDWWHU\�FRQ�
QHFWRU�ERDUG��

%DWWHU\�YROWDJH�LV�WRR�ORZ� � 3OXJ�GHILEULOODWRU�LQWR�$&�SRZHU�
WR�FKDUJH�EDWWHU\��

� 3HUIRUP�EDWWHU\�FDSDFLW\�FKHFN��
� 5HSODFH�EDWWHU\�LI�WKH�WHVW�IDLOV��

%DWWHU\�YROWDJH�LV�OHVV�WKDQ�
�����YROWV��

%DWWHU\�QHHGV�FKDUJH� � 3OXJ�GHILEULOODWRU�LQWR�$&�SRZHU�
WR�FKDUJH�EDWWHU\��

� 3HUIRUP�EDWWHU\�FDSDFLW\�FKHFN��
� 5HSODFH�EDWWHU\�LI�WKH�WHVW�IDLOV��

%DWWHU\�ZLOO�QRW�DFFHSW�FKDUJH� %DWWHU\�LV�GHIHFWLYH� 5HSODFH�EDWWHU\��

%DWWHU\�FKDUJHU�IDLOHG� 5HSODFH�SRZHU�VXSSO\��

7DEOH���� 3RZHU�6XSSO\�DQG�%DWWHU\

6\PSWRP &DXVH &RUUHFWLYH�$FWLRQ�

127(

NO BATTERY Appears if the battery is not installed, or if the unit does recognize 
that the battery is installed. 

DISCONNECT 
AC POWER

Appears if the unit recognizes AC power is connected. 

7DEOH����� 5HFRUGHU�3UREOHPV

6\PSWRP &DXVH &RUUHFWLYH�$FWLRQ�

3DSHU�GRHVQ
W�PRYH� 3DSHU�RXW�RU�MDPPHG� 5HSODFH�SDSHU�RU�FOHDU�SDSHU�MDP��

'HIHFWLYH�VHQVRU� 5HSODFH�UHFRUGHU�ERDUG�RU�UHFRUGHU�
DVVHPEO\��

'HIHFWLYH�GULYH�DVVHPEO\� 5HSODFH�GULYH�DVVHPEO\�RU�UHFRUGHU�
DVVHPEO\��

'HIHFWLYH�GULYH�VLJQDOV� 5HSODFH�&RQWURO�%RDUG��

'LUW\�VHQVRU�OHQV� &OHDQ�VHQVRU�OHQV��

'HIHFWLYH�FRPPXQLFDWLRQ�EHWZHHQ�
UHFRUGHU�ERDUG�DQG�PRWRU�

&KHFN�PRWRU�WR�UHFRUGHU�ERDUG�FDEOH�
FRQQHFWRU��
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7URXEOHVKRRWLQJ
7URXEOHVKRRWLQJ�7DEOHV
3DSHU�PRYHV��WKHQ�VWRSV� 3DSHU�ORDGHG�LQFRUUHFWO\� 0DNH�VXUH�GHILEULOODWRU�LV�ORDGHG�SURS�
HUO\�ZLWK�DSSURYHG�WKHUPDO�SDSHU��

'LUW\�VHQVRU�OHQV� &OHDQ�VHQVRU�OHQV��

'HIHFWLYH�VHQVRU� 5HSODFH�UHFRUGHU�ERDUG��

'HIHFWLYH�VHQVRU�FLUFXLW� 5HSODFH�FRQWURO�ERDUG��

:DY\�GLDJRQDO�OLQHV�LQ�UHFRUGHU�
VHOI�WHVW�RU�GLVWRUWLRQ�RI�SULQW�
RXWV�LQ�WKH�WLPH�D[LV�

,PSURSHU�PHVKLQJ�RI�JHDUV�LQ�GULYH�
DVVHPEO\�RU�GRRU�DVVHPEO\�

5HSODFH�UHFRUGHU�GULYH�DVVHPEO\�RU�
GRRU�DVVHPEO\��5HSODFH�FRQWURO�
ERDUG��

'HIHFWLYH�FRPPXQLFDWLRQ�EHWZHHQ�
UHFRUGHU�DQG�FRQWURO�ERDUG�

5HSODFH�FRQWURO�ERDUG��

0HVVDJH��CHECK 
RECORDER�

'RRU�LV�DMDU� �&ORVH�GRRU��

3DSHU�LQVWDOOHG�LQFRUUHFWO\� 5H�LQVWDOO�SDSHU��

'LUW\�VHQVRU�OHQV� &OHDQ�VHQVRU�OHQV��

'HIHFWLYH�FRPPXQLFDWLRQ�EHWZHHQ�
UHFRUGHU�DQG�FRQWURO�ERDUG�

&KHFN�FDEOHV�DQG�FRQQHFWLRQV�
EHWZHHQ�UHFRUGHU�DQG�FRQWURO�ERDUG�

5HSODFH�UHFRUGHU�DVVHPEO\�

5HSODFH�FRQWURO�ERDUG��

'HIHFWLYH�VHQVRU�DVVHPEO\� �5HSODFH�UHFRUGHU�ERDUG��

3DSHU�PRYHV�EXW�SULQWLQJ�LV�
IDLQW�RU�DEVHQW�

'RRU�LPSURSHUO\�ODWFKHG� &KHFN�GRRU�ODWFK��

3DSHU�ORDGHG�LQFRUUHFWO\��RU�QRQ�
DSSURYHG�RU�QRQ�WKHUPDO�SDSHU�
LQVWDOOHG�

0DNH�VXUH�GHILEULOODWRU�LV�SURSHUO\�
ORDGHG�ZLWK�DSSURYHG�WKHUPDO�SDSHU��

,QVXIILFLHQW�OHDI�VSULQJ�WHQVLRQ�RU�
SULQWKHDG�RXW�RI�SRVLWLRQ�

�&KHFN�OHDI�VSULQJ�RQ�SULQWKHDG�IRU�
SODWHQ�SUHVVXUH��

'HIHFWLYH�SULQWKHDG�RU�SULQWKHDG�
FDEOHV�

&KHFN�SULQWKHDG�FDEOH�FRQQHFWRU��
5HSODFH�SULQWKHDG��

'HIHFWLYH�UHFRUGHU�ERDUG�FDEOH�FRQ�
QHFWRU�RU�FRPSRQHQW�LQ�UHFRUGHU�
LQWHUIDFH�FLUFXLWU\�

�&KHFN�WKH�UHFRUGHU�ERDUG�FDEOH�FRQ�
QHFWRU��5HSODFH�FRQWURO�ERDUG��

3ULQWHG�GDWD�LV�JDUEOHG� 'HIHFWLYH�SULQWKHDG� 5HSODFH�SULQWKHDG�RU�UHFRUGHU�DVVHP�
EO\��

'HIHFWLYH�FRPSRQHQW�LQ�GDWD�SDWK� &KHFN�SULQWKHDG�FDEOHV�
5HSODFH�FRQWURO�ERDUG��

7DEOH����� 5HFRUGHU�3UREOHPV
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7URXEOHVKRRWLQJ
7URXEOHVKRRWLQJ�7DEOHV
3RRU�SULQW�TXDOLW\�RU�VRPH�GRWV�
QRW�SULQWLQJ�

'LUW\�SULQWKHDG� &OHDQ�SULQWKHDG��

'HIHFWLYH�SULQWKHDG�RU�SULQWKHDG�
FDEOHV�

&KHFN�SULQWKHDG�FDEOH�FRQQHFWRU�RU�
UHSODFH�SULQWKHDG��

'HIHFWLYH�FRPSRQHQW�LQ�UHFRUGHU�FLU�
FXLWU\�

�5HSODFH�UHFRUGHU�DVVHPEO\��

6RPH�GRWV�DOZD\V�RQ� 'HIHFWLYH�SULQWKHDG� 5HSODFH�SULQWKHDG�RU�UHFRUGHU�DVVHP�
EO\��

7DEOH����� 5HFRUGHU�3UREOHPV

7DEOH����� 'LVSOD\�DQG�/RJLF

6\PSWRP &DXVH &RUUHFWLYH�$FWLRQ�

'LVSOD\�WRR�GLP�RU�WRR�EULJKW� ,PSURSHU�EULJKWQHVV�DGMXVWPHQW� $GMXVW�EULJKWQHVV�FRQWUROV�IRU�EHVW�
GLVSOD\�DSSHDUDQFH��6HH�&57�DGMXVW�
PHQW�SURFHGXUH��

1R�EULJKWQHVV�DGMXVW� 'HIHFWLYH�GLVSOD\�DVVHPEO\ 5HSODFH�GLVSOD\�DVVHPEO\��

$OO�GDUN�VFUHHQ� &RQWUDVW�RU�EULJKWQHVV�PLVDGMXVWHG� $GMXVW�FRQWUDVW��

'HIOHFWLRQ�FLUFXLWV�IDLOHG�RU�YLGHR�FLU�
FXLWV�IDLOHG�

���5HSODFH�GLVSOD\�ERDUG�
����5HSODFH�FRQWURO�ERDUG��

7DEOH����� 3DQHO�.H\V

6\PSWRP &DXVH &RUUHFWLYH�$FWLRQ

.H\V�ZRQ
W�ZRUN� .H\SDQHO�ERDUG�FDEOH�XQSOXJJHG�RU�
GHIHFWLYH�

5HFRQQHFW�RU�UHSODFH�FDEOH��

.H\SDQHO�FLUFXLW�ERDUG�GHIHFWLYH� 5HSODFH�NH\SDQHO�ERDUG�RU�DVVHPEO\��

FRQWURO�ERDUG�GHIHFWLYH� 5HSODFH�FRQWURO�ERDUG�
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7URXEOHVKRRWLQJ
7URXEOHVKRRWLQJ�7DEOHV
7DEOH����� 'HILEULOODWRU�3UREOHPV

6\PSWRP &DXVH &RUUHFWLYH�$FWLRQ�

1R�UHVSRQVH�WR� �
NH\�

3DGGOHV�FDEOH�QRW�LQVWDOOHG� ,QVWDOO�FDEOH��

/RFNRXW�(UURU��DEFIB FAIL-
URE�

�)RU�HUURU�FRGH��SHUIRUP��PRINT 
LOG�LQ�'LDJQRVWLF�VFUHHQ��5HSODFH�
FRQWURO�ERDUG��KLJK�YROWDJH�ERDUG��RU�
KLJK�YROWDJH�FRPSRQHQWV�DV�UHFRP�
PHQGHG�LQ�7DEOH������

�NH\�QRW�UHFRJQL]HG� 5XQ�&RQWUROV�7HVW�WR�FKHFN�IRU�UHFRJ�
QLWLRQ�RI� �NH\��5HSODFH�
SDGGOHV��IURQW�SDQHO��FRQWURO�ERDUG�DV�
QHHGHG��

�'HOLYHUHG�(QHUJ\�RXW�RI�VSHFLIL�
FDWLRQ�

,PSURSHU�GHILEULOODWRU�FDOLEUDWLRQ� 3HUIRUP�GLDJQRVWLF�WHVW�&$/,%5$7(�
'(),%��

'HIHFWLYH�+LJK�9ROWDJH�%RDUG� 5HSODFH�KLJK�YROWDJH�ERDUG��

'HIHFWLYH�FRQWURO�ERDUG� 5HSODFH�FRQWURO�ERDUG��

'HIHFWLYH�+9�FDSDFLWRU 5HSODFH�+9�FDSDFLWRU��

7HVW�'LVFKDUJH�LQGLFDWHV�D�IDLO�
XUH��H[WHUQDO�GHILEULOODWRU�WHVW�
SDVVHV�

,QWHUQDO�GHOLYHUHG�HQHUJ\�RXW�RI�FDOL�
EUDWLRQ�

&DOLEUDWH�WKH�3HDN�&XUUHQW�0HDVXUH�
PHQW�FLUFXLWU\�DV�GHVFULEHG�LQ�
´$GMXVWLQJ�WKH�,QWHUQDO�'HOLYHUHG�
(QHUJ\�&DOLEUDWLRQµ�RQ�SDJH������

'HIHFWLYH�&RQWURO�%RDUG� 5HSODFH�&RQWURO�%RDUG��

DEFIB FAILURE
$W�SRZHU�XS�RU�DIWHU�D�GLV�
FKDUJH�

3DWLHQW�UHOD\�RU�GULYH�FLUFXLW�IDLOXUH�
�(UURU����RU�������
6HH�ZDUQLQJ�EHORZ��
�8QH[SHFWHG�YROWDJH�RQ�+9�FDSDFLWRU�

5HSODFH�SDWLHQW�UHOD\��
5HSODFH�KLJK�YROWDJH�ERDUG��

5HSODFH�+9�ERDUG��

8QLW�GRHV�QRW�GHOLYHU�HQHUJ\��QR�
IDLOXUH�PHVVDJH�RFFXUV�

3DWLHQW�5HOD\�IDLOXUH� 5HSODFH�3DWLHQW�5HOD\��

&KDUJH

&KDUJH
&KDUJH
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7URXEOHVKRRWLQJ
7URXEOHVKRRWLQJ�7DEOHV
7KH�KLJK�YROWDJH�VWRUDJH�FDSDFLWRU�FDQ�VWRUH�OHWKDO�DPRXQWV�RI�HQHUJ\��%H�VXUH�
WKDW�WKLV�FDSDFLWRU�LV�GLVFKDUJHG�EHIRUH�WRXFKLQJ�KLJK�YROWDJH�FRPSRQHQWV��VXFK�
DV�WKH�KLJK�YROWDJH�FDSDFLWRU��SDWLHQW�LQGXFWRU��SDWLHQW�UHOD\��RU�SDWLHQW�FDEOH�
FRQQHFWRU��7R�GLVFKDUJH�WKH�KLJK�YROWDJH�FDSDFLWRU��

1 %H�VXUH�WR�ZHDU�VDIHW\�JODVVHV�ZKLOH�GLVFKDUJLQJ�WKH�FDSDFLWRU��

2 ,Q�GLDJQRVWLF�PRGH�PDNH�VXUH�WKDW�WKH�$YDLODEOH�(QHUJ\�LV����WKH�(QHUJ\�6HOHFW�FRQWURO�LV�LQ�
WKH�0RQLWRU��2Q�SRVLWLRQ���

3 7XUQ�WKH�(QHUJ\�6HOHFW�FRQWURO�WR�2II��6WDQGE\���

4 :DLW����VHFRQGV�EHIRUH�RSHQLQJ�WKH�XQLW��

5 $IWHU�DFFHVVLQJ�WKH�FKDVVLV�DV�GHVFULEHG�LQ�VWHS���EHORZ��VKRUW�WKH�WHUPLQDOV�RI�WKH�KLJK�YROW�
DJH�FDSDFLWRU��:DLW�RQH�KRXU�EHIRUH�VHUYLFLQJ�WKH�XQLW��<RX�FDQ�WKHQ�SURFHHG�XVLQJ�D�VFUHZ�
GULYHU�ZLWK�DQ�LQVXODWHG�KDQGOH�WR�VKRUW�WKH�FDSDFLWRU�WHUPLQDOV�

�

:$51,1*

7DEOH����� 3DFHU�3UREOHPV

6\PSWRP &DXVH &RUUHFWLYH�$FWLRQ

456�QRW�GHWHFWHG 456�LV�QRW�LQ�VSHFV

$XWR*UDLQ�VHWXS

7KHVH�VSHFV�DUH�
456�DPSOLWXGH������P9�������P9
56�ZLGWK�����P6HF�������P6HF

,QFUHDVH�(&*�JDLQ

3DFHU�LV�LQ�)L[�0RGH &KDQJH�SDFHU�WR�'HPDQG�0RGH

+HDUW�LV�QRW�FDSWXUHG 2XWSXW�FXUUHQW�LV�WRR�ORZ ,QFUHDVH�RXWSXW�FXUUHQW�XQWLO�KHDUW�LV�
FDSWXUHG���7KLV�RFFXUV�EHWZHHQ
����P$�������P$�

3DFHU�+5�LV�EHORZ�LQVWUDQVLF�+5 $GMXVW�3DFHU�+5�DW�GHVLUHG�YDOXH

0LVSODFHPHQW�RI�SDGV 5HSRVLWLRQ�WKH�SDGV

��%HHSV &DQ�QRW�GHOLYHU�SDFLQJ�FXUUHQW 5HSODFH�3DGV�$GDSWHU�&DEOH

&DQ�QRW�SDFH 'LVSOD\�PHVVDJHV
����3DGGOH
����,QWHUQDO�3DGGOH
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7URXEOHVKRRWLQJ
7HVWLQJ�WKH�3RZHU�6XSSO\

nfirm 

attery 
must 
4Testing the Power Supply 

Use this procedure to check the voltages produced by the power supply. All the voltage 
measurements are made on the control board, connector J12, and are taken with respect to 
ground.

:KHQ�WKH�GHILEULOODWRU�LV�FRQQHFWHG�WR�$&�SRZHU��WKHUH�DUH�GDQJHURXV�YROWDJHV�RQ�
WKH�OLQH�PRGXOH�WHUPLQDOV��'R�QRW�WRXFK�DQ\�RI�WKH�H[SRVHG�FRQQHFWRUV�

7KH�+9�FDSDFLWRU�VWRUHV�KD]DUGRXV�DPRXQWV�RI�HQHUJ\�GXULQJ�$&�DQG�EDWWHU\�
RSHUDWLRQ��%H�FDUHIXO�QRW�WR�WRXFK�DQ\�RI�WKH�H[SRVHG�FDSDFLWRU�FRQQHFWLRQV�

0DNH�PHDVXUHPHQWV�RQ�EDWWHU\�RQO\��3OXJ�LQWR�$&�SRZHU�RQO\�LI�WKH�EDWWHU\�LV�
WRR�ORZ�WR�RSHUDWH�WKH�GHILEULOODWRU��

1 Remove the top cover as described in Chapter 5, Removal and Replacement

Be very careful not to short test points to ground or to other pins. This can result in 
defibrillator/monitor failure.

2 Locate connector J12 on the control board. 

3 Check that the voltage at pin 27 is +4.3V ±0.4V. 

4 Check that the voltage at pin 29 is +5.1V ±0.25V.

5 Check that the voltage at pin 31 is +12V ±0.6V. The presence of these voltages co
the proper operation of the power supply.

6 Re-install the top cover. 

7 Check AC/DC converter/ battery charger in the following steps: 

a.Remove the battery from the instrument. 

b.Connect AC power.

c.From the diagnostic menu, run the TEST BATTERY test. 

d.Observe VDC on the test screen by reading the voltage from the line labelled 
VOLTAGE NOW.

e.Check that VDC = 13.6 V ±0.6 V. 

This measurement must be made at room temperature (20°C to 25°C). VDC is the b
charge voltage (float voltage), and is temperature compensated. This measurement 
be made with the battery removed as VDC is set by the condition of the battery.

:$51,1*

&$87,21

127(
4-21

May 17, 2000 4:05 pm DRAFT



7URXEOHVKRRWLQJ
7HVWLQJ�WKH�3RZHU�6XSSO\
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5Removal and Replacement 
5Introduction 

This chapter provides procedures for removing and replacing these defibrillator 
assemblies:

• The battery

• The recorder

• The keypanel assembly

• The pacer keypad assembly

• The CRT assembly and SpO2 board

• The pacer board

• The control board

• The power supply assembly

• The high voltage charger and relay assembly

• The high voltage capacitor

• The patient inductor

• The ECG front end board

• Replacing the lithium battery

• Replacing fuses

This chapter also provides procedures for adjusting the CRT after maintenance. 
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5HPRYDO�DQG�5HSODFHPHQW
5HPRYLQJ�WKH�%DWWHU\
'DQJHURXV�YROWDJHV�PD\�EH�SUHVHQW�RQ�FRPSRQHQWV�DQG�FRQQHFWLRQV�GXULQJ�
LQVWUXPHQW�GLVDVVHPEO\��8VH�H[WUHPH�FDXWLRQ�ZKLOH�WKH�LQVWUXPHQW�FRYHU�LV�
UHPRYHG��

The way that wires and cables are routed and dressed inside the chassis plays an important 
part in reducing electromagnetic and radio frequency interference emitted by the 
defibrillator. When you disassemble any part of the defibrillator, pay special attention to 
how cables and wires are routed. When you reassemble the defibrillator, be sure to route 
and dress all cables and wires as they were originally.

Tool Requirements 

You will need the following tools to perform the procedures given.

o T10 and T15 drivers (or Torx driver kit, HP part no. 5181-1933)

o 5/16" nutdriver

o insulated flat-tip screwdriver

o long-nose pliers with insulated handles (for discharging the CRT)

o Small ruler with a centimeter scale (for CRT adjustments)

o CRT adjustment tool, HP part number 8710-1355

Be sure to work in a static-free environment. Use an electrostatic wrist band. The work 
surface and area surrounding it must be static-free. 

5Removing the Battery 

Perform the following procedure to remove the battery.

7R�DYRLG�HOHFWULFDO�VKRFN�KD]DUG��XQSOXJ�WKH�SRZHU�FRUG�IURP�WKH�$&�RXWOHW�QRZ��

1 Turn off the instrument.

2 Turn the defibrillator upside down on the workbench. The battery compartment door is 
located in the bottom of the unit. Using a flat-tip screwdriver, turn the two screws 1/4-
turn counter-clockwise to release the door. See Figure 5-1.
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5HPRYDO�DQG�5HSODFHPHQW
2SHQLQJ�WKH�'HILEULOODWRU�&KDVVLV
3 Disconnect the battery cable and lift the battery from the unit. 

)LJXUH����

$FFHVVLQJ�WKH�%DWWHU\ 5-1

A. Battery compartment door.
B. Retaining screws (  turn). 
C. Bottom side of defibrillator. 
D. AC power receptacle. 
E. Equipotential connector. 

5Opening the Defibrillator Chassis 

Perform the following procedure to open the defibrillator chassis.

%HIRUH�GLVDVVHPEO\��FKHFN�WKH�GHILEULOODWRU�FKDUJH��8VLQJ�WKH�´'HILEULOODWRU�7HVWµ�
RQ�SDJH�������YHULI\�WKDW�WKH�DYDLODEOH�HQHUJ\�LV�]HUR��

1
4
---
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5-3

May 17, 2000 4:05 pm DRAFT



5HPRYDO�DQG�5HSODFHPHQW
2SHQLQJ�WKH�'HILEULOODWRU�&KDVVLV

ower 

er-
owly 
r reas-

 If 

pen 
s.
1 Remove the paddles and the paddles connector.

2 Perform the procedure “Removing the Battery”.

3 Using a Torx T-15 screwdriver, remove the six screws that secure the upper and l
parts of the chassis. See Figure 5-2.

)LJXUH����

2SHQLQJ�WKH�'HILEULOODWRU�&KDVVLV 5-2

A. Location of chassis screws 

4 Turn the chassis upright. This will cause the six screws to fall out of the chassis. P
form this step slowly to avoid losing the screws. Grasp the handle securely and sl
tilt the chassis onto its back, and then onto its feet. Collect the screws and save fo
sembly.

Be careful when opening the top cover; ribbon cables and ground wires connect the top 
and bottom parts of the chassis.

5 While facing the front of the instrument, partially open the top-right of the chassis.
the instrument is equipped with the pacer option, disconnect the cable assembly 
attached to the right-most connector on the control board, just beneath the CRT. O
the chassis top to the left. Rest the chassis top on its side to avoid stressing cable

&$87,21
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5HPRYDO�DQG�5HSODFHPHQW
5HPRYLQJ�WKH�5HFRUGHU
6 At the control board, disconnect the ribbon cable that runs from J2 on the control board 
and the recorder. Also disconnect the ribbon cable that runs from J6 on the control 
board and the keypanel assembly. Make a note of where these cables connect.

7 If the SpO2 option is present, at the SpO2 board on the left side of the CRT, disconnect 
the cable from the SpO2 board to the keypanel control board.

8 At the front end board, disconnect the black wire that runs from the top cover to the 
BLK LOAD RES connector on the front end board. You can now separate the chassis 
top and bottom.

5Removing the Recorder 

To replace any of the components on the recorder, you must first remove the recorder from 
the defibrillator chassis. This procedure also includes instructions for removing the 
recorder sliding door. The recorder can be removed without opening the defibrillator 
chassis. Perform the following steps.

1 At the recorder, remove and save the plastic label that covers the two screw holes. See 
Figure 5-3.

2 Using a Torx T-10 screwdriver, remove the four screws that secure the recorder to the 
chassis. Lift the recorder from the recorder bucket and disconnect the ribbon cable. Do 
not push down in the recorder bucket; this may cause it to drop into the chassis. Per-
form this procedure in reverse to install the recorder.

To remove the recorder sliding door, perform step 3. 
5-5
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)LJXUH����

5HPRYLQJ�WKH�5HFRUGHU 5-3

A. Recorder retaining screws, under open door on left and under plastic label on right

3 To remove the recorder sliding door, turn the recorder upside down, so that the sliding 
door is facing you and the paper roll is facing away. Note how the springs are installed 
on the sliding door and how the metal door limit is used to stop the travel of the sliding 
recorder door. (The springs are identical.) 

4 Using a pair of needle-nose pliers, remove and save both springs.

5 Lift the door travel limiter up and slide the door forward, away from the recorder. Now 
bend the retaining clips on the door so that the door is free of the recorder. To reinstall 
the sliding door, perform these steps in reverse. 

 After removing the recorder, you can remove the recorder bucket by opening the chassis 
and pushing down on the recorder bucket from the top. 
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5Removing the Recorder Platen Assembly 

Perform the following procedures and steps to remove the Recorder Platen Assembly.

1 Perform the procedure “Removing the Recorder”.

2 Open the platen assembly so that the print head is visible. 

3 Grasp the body of the recorder with the right hand and squeeze the body so that 
hinge pins move in. When the hinge pins disengage from the platen assembly, lift
platen assembly from the hinges. 

4 To install a new platen assembly, perform this procedure in reverse order. 

5Removing and Disassembling the Keypanel Assembly 

To remove the keypanel assembly, you need to open the chassis and first remove th
recorder and the recorder bucket. Perform the following procedures and steps.

1 Perform the procedure “Removing the Recorder”. This procedure includes referen
to opening the chassis. 

2 The chassis should be open. Three clips located in the top cover secure the keyp
assembly into place. Use a flat-tip screwdriver to unhook the clips and remove the
pad assembly.

3 The keypanel circuit board, keypad, plastic lens, bezel and keylabel are all secured
two Torx T-10 screws. Remove these screws to disassemble the keypanel assem

4 To replace the keypanel circuit board, first disconnect the flexible circuit cable tha
connects the circuit board to the Energy Control knob. Use a small, flat-tip screwd
to unhook the connector. Then separate the rubber keypad from the circuit board.

5 When installing a new keypanel circuit board, you need to configure the circuit bo
for use with the correct defibrillator model. If you are installing the circuit board in 
model M1722A/B defibrillator/monitor (which has been manufactured prior to June
200), leave the circuit board unchanged and install it in the unit. If you are installing
circuit board in a M1723A/B defibrillator/monitor, you will need to modify the circu
board. See Figure 5-4. On the back side of the circuit board is a small hole, with c
etch running along the edge of the board. To configure the circuit board for use in
M1723A/B, cut the circuit etch with a pair of diagonal cutters. Then install the circ
board in the unit. 
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5HPRYDO�DQG�5HSODFHPHQW
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To assemble and install the keypanel assembly, perform the previous procedure in reverse 
order. 

)LJXUH����

&RQILJXULQJ�WKH�.H\SDQHO�&LUFXLW�%RDUG 5-4

A. Cut trace here to configure for a model M1722B with Option A01.

5Removing the Pacer Keypad Assembly 

The pacer keypad assembly consists of a small circuit board and the rubber keypad. 
Perform the following procedures and steps.

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

2 Disconnect the cable running between the control board and the keypad assembl

3 Remove the four screws that secure the keypad assembly. Use a T10 screwdrive

To install the pacer keypad assembly, perform the procedure “Removing the Pacer K
Assembly” in reverse order.
5-8
May 17, 2000 4:05 pm DRAFT



5HPRYDO�DQG�5HSODFHPHQW
5HPRYLQJ�WKH�3DFHU�%RDUG

as-

 verti-
pin 
e Fig-
5Removing the Pacer Board 

The pacer function is an option to the M1722B series. Perform the following procedure to 
remove the pacer board.

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

2 The pacer board is located to the left-rear of the chassis. This board is positioned
cally, above the high voltage capacitor. At the pacer board, disconnect the seven-
cable assembly that runs between the pacer board and the control board (J7). Se
ure 5-5. 

)LJXUH����

5HPRYLQJ�WKH�3DFHU�%RDUG 5-5

A. Pacer board
B. Disconnect these cables
5-9

May 17, 2000 4:05 pm DRAFT



5HPRYDO�DQG�5HSODFHPHQW
5HPRYLQJ�WKH�3RZHU�6XSSO\�$VVHPEO\

erse 

as-

con-
. (In 

s to 
river, 
ey are 
3 Disconnect the red wire that runs from the patient relay (under the control board) to the 
jack on the pacer board. Label this wire. Plastic extrusions located on top of the high 
voltage capacitor case are available for stowing this wire when the pacer board is not 
installed.

4 Disconnect the white wire that runs from the pacer board to the WHT PACER jack on 
the ECG front end board.

5 The pacer board is not secured into place using screws. Gently pull the pacer board up 
to remove it.

To install the pacer board, perform the procedure “Removing the Pacer Board” in rev
order.

5Removing the Power Supply Assembly 

To remove the power supply assembly, perform the following procedures and steps.

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

2 The power supply assembly is positioned vertically, at the back of the chassis. Dis
nect the AC input cable at the right of the power supply assembly. See Figure 5-6
Figure 5-6, the CRT assembly is shown removed for purposes of clarity only.)

3 At the power supply assembly, on the left, disconnect the flat ribbon cable that run
the control board and to the high voltage charger board. Using a Torx T-15 screwd
remove the two screws that secure the power supply assembly to the chassis. Th
located on the back side of the supply.

To install the power supply assembly, perform the procedure “Removing the Power 
Supply Assembly” in reverse order.
5-10
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5HPRYLQJ�WKH�3RZHU�6XSSO\�%RDUG 5-6

A. Ribbon cable; disconnect at power supply
B. AC input cable
C. Retaining screws, behind supply

5Removing the CRT Assembly and SpO2 Board

To remove the CRT assembly, perform the following procedures and steps.

%H�VXUH�WR�ZHDU�VDIHW\�JODVVHV�ZKLOH�SHUIRUPLQJ�WKH�IROORZLQJ�VWHS��$FFLGHQWDO�
LPSORVLRQ�RI�WKH�&57�FDQ�FDXVH�LQMXU\�

:$51,1*
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1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

2 Perform the procedure “Removing the Power Supply Assembly”.

+LJK�YROWDJHV�DUH�SUHVHQW�DW�WKH�&57�DQRGH��8VH�RQO\�LQVXODWHG�WRROV�ZKHQ�
SHUIRUPLQJ�WKH�IROORZLQJ�VWHS��'R�QRW�WRXFK�WKH�PHWDO�IDFH�EDQG�RI�WKH�&57�ZKLOH�
SHUIRUPLQJ�WKH�IROORZLQJ�VWHS�

3 At the control board, disconnect the 10-conductor ribbon cable that runs between
control board and the CRT deflection board. 

4 If the SpO2 option is present, disconnect the ribbon cable from J12 on the control 
board. Disconnect the SpO2 input cable from the SpO2 board.

5 Using a Torx T15 screwdriver, loosen the four screws that secure the CRT assem
the chassis. See Figure 5-7. Leave the screws in the CRT assembly, to keep them
into the chassis. Lift the CRT assembly off the chassis and save the screws. Save
spacers beneath the CRT assembly and prevent them from falling into the chassi

To remove the SpO2 board:

1 Unsnap the SpO2 board from the four tie locks near the upper and lower edges of th
board.

2 If the mylar insulator beneath the board is damaged, you can remove it by cutting
tie locks off of the CRT assembly.

:$51,1*
5-12
May 17, 2000 4:05 pm DRAFT



5HPRYDO�DQG�5HSODFHPHQW
5HPRYLQJ�WKH�&57�$VVHPEO\�DQG�6S2��%RDUG
)LJXUH����

5HPRYLQJ�WKH�&57�$VVHPEO\ 5-7

A. CRT assembly retaining screws

B. SpO2 board

C. SpO2 ribbon cable

D. SpO2 input connector

To further disassemble the CRT assembly, perform the following steps.

1 Using insulated long-nose pliers, carefully lift the plastic collar away from the high 
voltage connection on the side of the CRT. Slide an insulated flat-tip screwdriver under 
the collar and discharge the CRT anode against the metal CRT assembly.

2 To remove the CRT itself from the assembly, remove the high voltage connection from 
the side of the CRT. Carefully remove the cathode connection from the end of the CRT.

3 At the deflection board, disconnect the five-wire CRT deflection connector. The CRT is 
now free of the assembly.
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5HPRYDO�DQG�5HSODFHPHQW
5HPRYLQJ�WKH�&RQWURO�%RDUG

J13. 
4 Remove the small connector board at the back of the CRT.

5 Using a Torx T-15 screwdriver, remove the four screws that secure the CRT to the CRT 
assembly. Slide the CRT forward, away from the assembly.

6 To remove the deflection board, remove the single screw that secures the deflection 
board to the CRT assembly. A ground wire is tied to this screw. Slide the deflection 
board from the yoke assembly out from the CRT assembly. 

To replace the SpO2 mylar insulator, position a new sheet over the holes in the CRT 
assembly. Using a " nut driver, snap new tie locks into the CRT holes. Line up the holes 
on the SpO2 board with the tie locks, and snap the SpO2 board into the tie locks without 
flexing the board.

To install the deflection board, the CRT and the CRT assembly, perform the above 
procedure in reverse order.

5Removing the Control Board

To remove the control board, perform the following procedures and steps.

1 Perform the procedure “Removing the Pacer Board”.

2 Perform the procedure “Removing the Power Supply Assembly”.

3 Perform the procedure “Removing the CRT Assembly and SpO2 Board”.

4 At the control board, disconnect all remaining cables. Connectors are J1 through 
Save the loose cable that connects to J11. J12 connects to the SpO2 option cable. Figure 
5-8 shows the locations of the cables and connectors.

3
16
------
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5HPRYLQJ�WKH�&RQWURO�%RDUG�&DEOHV�DQG�&RQQHFWRUV 5-8

A. Cables and connectors to remove
B. This cable connects to the recorder
C. This cable connects to the keypanel assembly

To avoid shorting the lithium battery, do not place the control board on a conductive 
surface. 

5 Using the Torx T-10 screwdriver, remove the screws that secure the control board to the 
chassis. Figure 5-9 shows the locations of the retaining screws. Remove the control 
board from the chassis and place it on a non-conductive surface. This will avoid short-
ing the terminals on the lithium battery. 

To install the control board, perform the procedure “Removing the Control Board” in 
reverse order. Calibrate the peak current measurement circuitry using the procedure
“Adjusting the Internal Delivered Energy Calibration” on page 5-30.

&$87,21
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A. Control board retaining screws 
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5Removing the ECG Front End Board 

To remove the ECG front end board, perform the following procedures and steps.

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

2 Perform the procedure “Removing the Control Board”. This procedure instructs yo
access the chassis and also remove the pacer board, power supply, CRT assemb
control board.

3 At the ECG front end board, two red wires attach to the RED STERNUM connect
One wire runs to the patient cables connector. The other wire runs to the patient r
Disconnect both wires. See Figure 5-10.

4 At the front end board, two white wires attach to the WHT APEX connector. One w
runs to the patient cables connector. The other wire runs to the patient relay. Disco
both wires.
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5HPRYLQJ�WKH�(&*�)URQW�(QG�%RDUG 5-10

A. Retaining screws 
B. Plastic standoff 
C. Cables and connectors

5 Disconnect the 7-conductor cable assembly that runs between the ECG input connector 
and the flat 7-pin connector on the front end board.

6 Using a Torx T-10 screwdriver, remove the QRS beeper volume control potentiometer. 
This is located on the front of the chassis. Squeeze the plastic ears to remove the ECG 
input connector from the front of the instrument. The connector and cable will pull out 
to the front of the machine.

7  Using a pair of pliers, remove the ECG output connector. This is located on the front of 
the chassis.

8 Using a 5/16" nut driver, remove the plastic standoff that supports the control board.

9 Using a Torx T-10 screwdriver, remove the five screws that secure the front end board 
to the chassis. You can now remove the front end board. 
To install the front end board, perform the procedure “Removing the ECG Front E
Board” in reverse. Make sure that the correct wires are connected to the proper co
tor. Check wire colors using Figure 5-13 and Figure 5-14.
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5Removing the High Voltage Charger and Relay Assembly 

This procedure includes removing the patient relay and the high voltage charger board. 
The high voltage charger and relay assembly consists of the high voltage charger board, 
the patient relay, high voltage capacitor and patient inductor. This assembly is located 
under the control board, at the left-rear corner of the instrument. Perform the following 
procedures and steps to remove the assembly. 

7KH�KLJK�YROWDJH�VWRUDJH�FDSDFLWRU�FDQ�VWRUH�OHWKDO�DPRXQWV�RI�HQHUJ\��%H�VXUH�
WKDW�WKLV�FDSDFLWRU�LV�GLVFKDUJHG�EHIRUH�WRXFKLQJ�KLJK�YROWDJH�FRPSRQHQWV��VXFK�
DV�WKH�KLJK�YROWDJH�FDSDFLWRU��SDWLHQW�LQGXFWRU��SDWLHQW�UHOD\��RU�SDWLHQW�FDEOH�
FRQQHFWRU��7R�GLVFKDUJH�WKH�KLJK�YROWDJH�FDSDFLWRU��

1 %H�VXUH�WR�ZHDU�VDIHW\�JODVVHV�ZKLOH�GLVFKDUJLQJ�WKH�FDSDFLWRU�

2 ,Q�GLDJQRVWLF�PRGH�PDNH�VXUH�WKDW�WKH�$YDLODEOH�(QHUJ\�LV����WKH�(QHUJ\�6HOHFW�FRQWURO�LV�LQ�
WKH�0RQLWRU��2Q�SRVLWLRQ��

3 7XUQ�WKH�(QHUJ\�6HOHFW�FRQWURO�WR�2II��6WDQGE\��

4 :DLW����VHFRQGV�EHIRUH�RSHQLQJ�WKH�XQLW�

5 ,Q�FDVH�RI�D�GHIHFWLYH�VDIHW\�UHOD\��LI�\RX�GR�QRW�VKRUW�WKH�KLJK�YROWDJH�FDSDFLWRU��\RX�PD\�KDYH�
WR�ZDLW�RQH�KRXU�WR�VHUYLFH�WKH�XQLW�

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

2 Perform the procedure “Removing the Power Supply Assembly”.

3 Perform the procedure “Removing the Control Board”. This procedure instructs yo
open the chassis and also remove the CRT assembly and the pacer board.

4 The battery connector board is positioned beneath the power supply and is attach
the high voltage charger assembly with soldered wires. To remove the battery con
tor board, first remove the black rubber plug and then release the latch that secur
board in place. See Figure 5-11. When reinstalling the battery connector board, be
that the alignment pin on the chassis bottom is centered in the hole on the board.

5 Using the Torx T-10 screwdriver, remove screws that fasten the high voltage char
and relay assembly to the chassis. See Figure 5-11. Two screws are located on th
voltage charger board and two screws are located on the high voltage capacitor c

6 Disconnect the patient relay wires that connect the front end board. Be certain to 
each wire. 
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A. Retaining screws 
B. Standoffs 

7 Four vertical standoffs are fastened to the high voltage charger board and are used to 
support the control board. Using a 5/16: nut driver, remove these standoffs.

8 You can now remove the high voltage charger and relay assembly from the chassis.

9 To remove the patient relay, disconnect each of the wires leading from the patient relay 
to the assembly. Be certain to label each wire. Using a Torx T-10 screwdriver, remove 
the single screw.
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10 To remove the high voltage charger board, disconnect the three wires (two red and one 
white) from the high voltage capacitor and the patient inductor. Label these wires so 
that you can reinstall components correctly. 

To install the high voltage charger board, perform the procedure “Removing the High
Voltage Charger and Relay Assembly” in reverse. Refer to the Interconnect Block 
Diagram (Figure A-1) in Appendix A for wiring information. Refer to Figure 5-13 and 
Figure 5-14 for wire connections.

5Removing the High Voltage Capacitor 

To remove the high voltage capacitor, perform the following procedures and steps. 

7KH�KLJK�YROWDJH�VWRUDJH�FDSDFLWRU�FDQ�VWRUH�OHWKDO�DPRXQWV�RI�HQHUJ\��%H�VXUH�
WKDW�WKLV�FDSDFLWRU�LV�GLVFKDUJHG�EHIRUH�WRXFKLQJ�KLJK�YROWDJH�FRPSRQHQWV��VXFK�
DV�WKH�KLJK�YROWDJH�FDSDFLWRU��SDWLHQW�LQGXFWRU��SDWLHQW�UHOD\��RU�SDWLHQW�FDEOH�
FRQQHFWRU��7R�GLVFKDUJH�WKH�KLJK�YROWDJH�FDSDFLWRU��

1 %H�VXUH�WR�ZHDU�VDIHW\�JODVVHV�ZKLOH�GLVFKDUJLQJ�WKH�FDSDFLWRU�

2 ,Q�GLDJQRVWLF�PRGH�PDNH�VXUH�WKDW�WKH�$YDLODEOH�(QHUJ\�LV����WKH�(QHUJ\�6HOHFW�FRQWURO�LV�LQ�
WKH�0RQLWRU��2Q�SRVLWLRQ��

3 7XUQ�WKH�(QHUJ\�6HOHFW�FRQWURO�WR�2II��6WDQGE\��

4 :DLW����VHFRQGV�EHIRUH�RSHQLQJ�WKH�XQLW�

5 ,Q�FDVH�RI�D�GHIHFWLYH�VDIHW\�UHOD\��LI�\RX�GR�QRW�VKRUW�WKH�KLJK�YROWDJH�FDSDFLWRU��\RX�PD\�KDYH�
WR�ZDLW�RQH�KRXU�WR�VHUYLFH�WKH�XQLW�

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

2 Perform the procedure “Removing the Control Board”. This procedure instructs yo
access the chassis and also remove the CRT assembly and the pacer board.

3 The front of the defibrillator chassis should be facing you, with the high voltage ca
itor to the left, as shown in Figure 5-12. Using a 5/16" nut driver, remove the three
tical standoffs positioned next to the high voltage capacitor.

:$51,1*
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5HPRYLQJ�WKH�+LJK�9ROWDJH�&DSDFLWRU� 5-12

A. Retaining screws
B. Standoffs, remove
C. Release clip, open to the right
D. Hinge clips 

4 Remove the two retaining screws that secure the capacitor cover, on the left.

5 Insert a flat-tip screwdriver under the plastic latch on the left side of the capacitor and 
unhook the latch. Open the plastic high voltage capacitor cover to the right and unhook 
the two plastic latches on the right of the cover.

6 Disconnect the two wires (one red and one white) from the high voltage charger board. 
On the charger board, these jacks are labeled HV RED and HV WHITE. 
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'R�QRW�UHPRYH�WKH�UHVLVWRU�IURP�WKH�FDSDFLWRU�WHUPLQDOV��

To install the high voltage capacitor, perform the procedure “Removing the High Volt
Capacitor” in reverse. Refer to Figure 5-13 and Figure 5-14 for wire connections. 

7KH�KLJK�YROWDJH�FDSDFLWRU�FDQ�VWRUH�OHWKDO�DPRXQWV�RI�HQHUJ\��:KHQ�DFFHVVLQJ�
WKH�KLJK�YROWDJH�FDSDFLWRU��EH�VXUH�WR�IROORZ�WKH�LQVWUXFWLRQV�DQG�REVHUYH�WKH�
ZDUQLQJ�XQGHU�´5HPRYLQJ�WKH�+LJK�9ROWDJH�&DSDFLWRUµ��

5Removing the Patient Inductor 

7KH�KLJK�YROWDJH�VWRUDJH�FDSDFLWRU�FDQ�VWRUH�OHWKDO�DPRXQWV�RI�HQHUJ\��%H�VXUH�
WKDW�WKLV�FDSDFLWRU�LV�GLVFKDUJHG�EHIRUH�WRXFKLQJ�KLJK�YROWDJH�FRPSRQHQWV��VXFK�
DV�WKH�KLJK�YROWDJH�FDSDFLWRU��SDWLHQW�LQGXFWRU��SDWLHQW�UHOD\��RU�SDWLHQW�FDEOH�
FRQQHFWRU��7R�GLVFKDUJH�WKH�KLJK�YROWDJH�FDSDFLWRU��

1 %H�VXUH�WR�ZHDU�VDIHW\�JODVVHV�ZKLOH�GLVFKDUJLQJ�WKH�FDSDFLWRU�

2 ,Q�GLDJQRVWLF�PRGH�PDNH�VXUH�WKDW�WKH�$YDLODEOH�(QHUJ\�LV����WKH�(QHUJ\�6HOHFW�FRQWURO�LV�LQ�
WKH�0RQLWRU��2Q�SRVLWLRQ��

3 7XUQ�WKH�(QHUJ\�6HOHFW�FRQWURO�WR�2II��6WDQGE\��

4 :DLW����VHFRQGV�EHIRUH�RSHQLQJ�WKH�XQLW�

5 $IWHU�DFFHVVLQJ�WKH�FKDVVLV�DV�GHVFULEHG�LQ�VWHS���EHORZ��VKRUW�WKH�WHUPLQDOV�RI�WKH�KLJK�YROW�
DJH�FDSDFLWRU�

<RX�FDQ�XVH�D�VFUHZGULYHU�ZLWK�DQ�LQVXODWHG�KDQGOH�WR�VKRUW�WKH�FDSDFLWRU�
WHUPLQDOV��

To remove the patient inductor, perform the following procedures and steps.

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

2 Perform the procedure “Removing the Control Board”. This procedure instructs yo
access the chassis and also remove the pacer board, power supply, and CRT ass

:$51,1*
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3 At the patient inductor, disconnect and label the red wire that runs to the patient relay 
and the red wire that runs to the high voltage charger board.

4 Using a flat-tip screwdriver, remove the plastic retaining clip that secures the inductor 
to the chassis. Remove the inductor. 

To install the patient inductor, perform the following steps.

1 Insert the patient inductor so that the wires face toward the center of the chassis. Install 
the plastic retaining clip to secure the inductor.

2 Connect the shortest red wire from the inductor to the shortest red wire on the patient 
relay. Connect the longer red wire from the inductor to the HV RED jack on the high 
voltage charger board.

3 Perform the procedure “Removing the Patient Inductor”, steps 3 through 1, in reve
order. Refer to Figure 5-13 and Figure 5-14 for wire connections. Calibrate the pe
current circuitry using the procedure “Adjusting the Internal Delivered Energy Cali
tion” described later in this chapter. 
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+LJK�9ROWDJH�&RQQHFWLRQ�'LDJUDP��IURQW�YLHZ� 5-13
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+LJK�9ROWDJH�&RQQHFWLRQ�'LDJUDP��VFKHPDWLF� 5-14
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5Adjusting the CRT 

There are five CRT adjustments that can be performed. These adjust the intensity, vertical 
size, vertical position, horizontal focus and rotational position of the display. Perform the 
following steps to adjust the CRT.

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”. However, leave all front panel cables connected except for the optional pace
board cable.

'DQJHURXV�YROWDJHV�DUH�H[SRVHG�ZKHQ�SHUIRUPLQJ�WKLV�SURFHGXUH��%H�FHUWDLQ�QRW�
WR�WRXFK�WKH�FLUFXLWU\��ZLULQJ��RU�FRPSRQHQWV�ZKLOH�SHUIRUPLQJ�WKLV�SURFHGXUH��
7KLV�SURFHGXUH�LV�WR�EH�SHUIRUPHG�RQO\�E\�TXDOLILHG�VHUYLFH�SHUVRQQHO��

2 Be certain that AC power is removed from the defibrillator. Lift the base of the cha
up and reinstall the battery. Install and secure the battery door.

3 While pressing the  and  keys, turn the Energy Select switch to Mon-
itor On.

4 Press the  key to select  on the screen. Then press the 
 key. The CRT test display is shown on the screen.

5 To adjust the horizontal rotation of the display, you will adjust the position of the yo
Loosen the machine screw on the yoke clamp. Use an insulated 7/32 allen wrenc
Figure 5-15.

:$51,1*
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&57�$GMXVWPHQWV 5-15

A.Yoke clamp and screw
B.Yoke
C.Horizontal size adjustment
D.Vertical position adjustment
E.Vertical size adjustment
F.Focus adjustment
G.Intensity adjustment 

6 Using a non-conductive probe, rotate the CRT yoke in either direction while viewing 
the display. Position the yoke so that the display is positioned in the most vertical/hori-
zontal position. Tighten the yoke clamp when the display is satisfactory. 

7 To adjust the horizontal size, or gain of the display, insert a 3/32" plastic Allen wrench 
(part number 8710-1355) into the back of the small inductor, located on the CRT yoke. 
Rotate the inductor core to adjust the horizontal size of the display so that it matches 
the dimensions shown in Figure 5-16.
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8 To adjust horizontal centering, you must adjust magnets on the back of the yoke assem-
bly. Place the magnets at 3:00 and 9:00 positions. Move the two magnets up (towards 
12:00) together or down (towards 6:00) to shift the display image.

9 To adjust the vertical position of the display, adjust the front-most potentiometer, 
located on the top of the CRT deflection circuit board. Use an insulated flat-tip screw-
driver.

10 To adjust the vertical size, or gain of the display, adjust the second potentiometer in 
line, on the top of the CRT deflection board. Set the vertical size to the dimensions 
shown in Figure 5-16. Use an insulated flat-tip screwdriver. 

)LJXUH�����

&57�7HVW�3DWWHUQ� 5-16

11 To adjust the display focus, adjust the third potentiometer in line, on the top of the CRT 
deflection board. Use an insulated flat-tip screwdriver.

12 To adjust the display intensity, adjust the last potentiometer in line, on the top of the 
CRT deflection board. Use an insulated flat-tip screwdriver.

13 Turn the Energy Select switch to Off (Standby).

14 Remove the battery from the bottom of the defibrillator.
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15 Reconnect the pacer cable assembly (if present) at the right-most connector on the con-
trol board.

16 Close the defibrillator chassis and install the six screws. This completes the CRT 
Adjustments procedure. 

5Adjusting the Internal Delivered Energy Calibration

On revision B and later control boards you can calibrate the Peak Current measurement 
circuitry in the M1722/M1723 family of defibrillator/monitors.

Perform this calibration only when replacing a control board, or Patient Inductor in the 
defibrillator, or when a user suspects that the reported delivered energy is incorrect.

Equipment required: 

Calibrated defibrillator test box. (50 Ohm load ±1%, Measurement of delivered ene
±2%).

Insulated adjustment tool. 

To calibrate the internal delivered energy measurement, perform the following steps: 

1 Calibrate the defibrillator capacitor by selecting the CALIBRATE DEFIB calibration 
procedure in the diagnostic service mode of the instrument. Follow the instructions on 
the screen.

2 Charge the defibrillator to 100 Joules and discharge into the test box. Verify that the 
defibrillator delivered between 90 and 110 joules of energy into the test box.

Do not proceed if the defibrillator delivered less than 90 Joules or greater than 110 
Joules; instead refer to Chapter 4, Troubleshooting, for detailed troubleshooting infor-
mation.

3 If AC power is connected, remove it now.

4 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”. However, leave all front panel cables connected except for the optional pace
board cable. 

'DQJHURXV�YROWDJHV�DUH�H[SRVHG�ZKHQ�SHUIRUPLQJ�WKLV�SURFHGXUH��%H�FHUWDLQ�QRW�
WR�WRXFK�WKH�FLUFXLWU\��ZLULQJ��RU�FRPSRQHQWV�ZKLOH�SHUIRUPLQJ�WKLV�SURFHGXUH��
7KLV�SURFHGXUH�LV�WR�EH�SHUIRUPHG�RQO\�E\�TXDOLILHG�VHUYLFH�SHUVRQQHO��
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5 Lift the base of the chassis up and reinstall the battery. Install and secure the battery 
door.

6 While pressing the  and  keys, turn the Energy Select switch to Mon-
itor On.

7 Press the  key to select TEST DEFIB on the screen. Then press the 
 key. The TEST DEFIB screen should now be displayed on the CRT.

8 Locate the potentiometer R139 as shown in Figure 5-17. 

)LJXUH�����

5����3RWHQWLRPHWHU� 5-17

A.R139 Potentiometer
B.Lithium battery 

9 Attach the paddle set to the defibrillator connector.

10 Charge the defibrillator to 100 joules and discharge into the defibrillator test box.

6\QF +5�$ODUP

(&*�6L]H
/HDG�6HOHFW
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11 Read the impedance measurement on the TEST DEFIB screen. 

Example section of TEST DEFIB screen:

Adjust R139 clockwise if the displayed impedance is greater than 50 Ohms, counter- 
clockwise if the displayed impedance is less than 50 Ohms. Repeat from step 10 until the 
impedance measurement reads 50 Ohms.

12 Turn the Energy Select switch to Off (Standby).

13 Remove the battery from the bottom of the defibrillator.

14 Reconnect the pacer keypanel cable assembly (if present) at the right-most connector 
on the control board.

15 Close the defibrillator chassis and install the six case screws. Reinstall the battery.

16 Turn the Energy Select switch to the 100 Joule position, and perform a 100 Joule deliv-
ered energy test (Paddles in pockets). Verify that the recorder prints TEST 100J 
PASSED. This completes the Internal Delivered Energy Measurement adjustment pro-
cedure.

DELIVERED ENERGY: 100
IMPEDANCE: 50 
PEAK CURRENT:  29 
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5Replacing the Lithium Battery 

The lithium battery is located on the control board. This battery provides voltage to 
memory which stores setting information. To replace the battery, perform the following 
procedures and steps. 

2EVHUYH�DOO�OLWKLXP�EDWWHU\�ZDUQLQJV��7KHUH�LV�D�ULVN�RI�ILUH��H[SORVLRQ��RU�EXUQV��
'R�QRW�UHFKDUJH��GLVDVVHPEOH��KHDW�DERYH������&�������)���LQFLQHUDWH��RU�VROGHU�
GLUHFWO\�RQ�WKH�FHOO��'R�QRW�VKRUW�FLUFXLW�WKH�EDWWHU\��

1 If the current parameter settings are still valid, print them out. You can use the print-out 
to restore the correct settings after replacing the battery. See “Displaying/Printing Con-
figuration Settings” on page 2-19 for instructions on printing the current settings.

2 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

3 The lithium battery is located on the control board, left of the CRT, as shown in Fig
5-18. Using an insulated probe, remove the battery. Replace the lithium battery on
with an approved HP battery (part number 1420-0341), or damage to the instrume
may result. Note the polarity marking shown in the figure. 

4 Reconnect any cables that were disconnected to perform this procedure.

5 Close the chassis cover. Install the six screws that secure the chassis.

6 Reinstall the lead-acid battery (on the bottom of the instrument) and battery cover

7 When you turn on the defibrillator, it displays a message indicating that system set
have been lost. See“Changing Configuration Settings” on page 2-22 for instruction
restoring system settings. Use the printout of system settings obtained in step 1 o
procedure. 

:$51,1*
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5HSODFLQJ�WKH�/LWKLXP�%DWWHU\ 5-18

A.Lithium battery
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5Replacing the Power Supply Fuses 

There are two power supply fuses located on the power supply. To replace either fuse, 
perform the following procedures and steps.

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”. 

2 The power supply fuses are located as shown in Figure 5-19. Replace both fuses
with 250 volt, 4.0 ampere rate fuses (part number 2110-0055)

)LJXUH�����

5HSODFLQJ�WKH�3RZHU�6XSSO\�)XVHV 5-19

A.Power supply fuses

3 Reconnect all cables removed and install the chassis top cover. 

4 Install the six screws that secure the chassis.

5 Reinstall the lower battery and battery cover. 
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5Replacing the Battery Fuse 

The battery fuse is located on the battery connector board, beneath the power supply and 
just above the high voltage charger board. To change the battery fuse, perform the 
following procedures and steps.

1 Perform the procedures “Removing the Battery” and “Opening the Defibrillator Ch
sis”.

2 Perform the procedure “Removing the Power Supply Assembly”.

3 The battery connector board is located behind the CRT and is held in place by a r
plug and two plastic clips. Remove the rubber plug and then, pressing the retainin
forward, lift the board out. See Figure 5-20.
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5HSODFLQJ�WKH�%DWWHU\�)XVH� 5-20

A.Battery connector board, with CRT assembly removed. 

4 Replace the battery fuse only with a 32 volt, 25 ampere fuse (part number 2110- 0250)

5 Reinstall the battery connector board and the rubber plug. Be sure that board is held 
securely in place.

6 Reinstall the power supply assembly.

7 Reinstall all cables removed and install the chassis top cover.

8 Install the six screws that secure the chassis.

9 Reinstall the lower battery and battery cover. 
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5Verifying Operation After Service 

See Chapter 3, Performance Verification and Maintenance, to verify operation after 
service. 
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6Introduction 

This chapter contains parts lists for these assemblies: 

• defibrillator main assembly 

• battery door

• key panel assembly

• high voltage assembly

• CRT assembly

• recorder

• external paddle sets 

In addition, Table 6-11 lists ordering information for supplies.

The CodeMaster Models 

The CodeMaster defibrillator/monitor is available in one model:

• Model M1722B XL+

The previous models M1722A and M1723A/B, have been consolidated under one m
model number M1722B.

CodeMaster XL+ is available in white or yellow colored enclosure. The model with th
option #048 (previously suffix A) is white and option #049 (previously suffix B) is yello
Consequently, some parts in the parts list are available in both colors -- primary case
and labels. Parts in white and yellow have different part numbers.

127(
6-1



3DUWV�/LVWV
2UGHULQJ�,QIRUPDWLRQ
6Ordering Information 

You may order any of the parts listed through your local Sales/Service Office (listed at the 
back of this manual). In the United States and Canada, you can call the Direct Customer 
Order Center (toll-free) 1-800-227-8164.

In the United States, you can order supplies for the defibrillator by calling 
(toll-free) 1-800-225-0230. You can order HP 1290C transducers by calling 
(toll-free) 1-800-934-7372. You can order instrument repair parts by calling 
(toll-free) 1-800-227-8164. 

Outside the United States, you can order supplies for the defibrillator by contacting your 
HP regional medical distributor.
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6Calling for Assistance 

You can call Service for technical assistance. 

United States of America 

Medical Response Center Tel: 1-800-548-8833

Canada 

Other International Areas

In other countries, contact your local service office. Consult the listing at the back of this 
manual for office locations and information.

Eastern Region Tel: 1-800-361-9790

Central and Western Region Tel: 1-800-268- 1221

Australia France

Tel: 131147 Tel: 0803 35 34 33

Germany Italy

Tel: 0130-4730 Tel: 0292 122999

Netherlands United Kingdom

Tel: (0) 20-547-6333 Tel: 44-344-36633

Belgium

Tel: 32 2 778 35 31
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7RS�&DVH�3DUWV�/LVW� 6-1

��

7DEOH���� 7RS�&DVH�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��
3DUW�1R��:LWK�
6KRFN�$GYLVRU\

� .H\SDQHO�DVVHPEO\�SDUW�QXPEHUV� 6HH�7DEOH������

� .H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³(QJOLVK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³)UHQFK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³*HUPDQ���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³'XWFK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³6SDQLVK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³,WDOLDQ���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³6ZHGLVK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³-DSDQHVH���0����$�%� 0����������� 0����������
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� .H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³1RUZHJLDQ���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³)LQQLVK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³'DQLVK���0����$�%� 0����������� 0����������

� .H\SDQHO�DVVHPEO\�ZLWK�6S2�³(QJOLVK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³)UHQFK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³*HUPDQ��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³'XWFK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³6SDQLVK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³�,WDOLDQ��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³�6ZHGLVK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³�-DSDQHVH��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³�1RUZHJLDQ��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³�)LQQLVK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³�'DQLVK��0����$�%� 0���������� 0����������

� .H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³(QJOLVK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³)UHQFK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³*HUPDQ���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³'XWFK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³6SDQLVK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³,WDOLDQ���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³6ZHGLVK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³-DSDQHVH���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³1RUZHJLDQ���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³)LQQLVK���0����$�%� 0����������� 0����������

.H\SDQHO�DVVHPEO\�ZLWKRXW�6S2�³'DQLVK���0����$�%� 0����������� 0����������

� .H\SDQHO�DVVHPEO\�ZLWK�6S2�³(QJOLVK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³)UHQFK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³*HUPDQ��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³'XWFK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³6SDQLVK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³,WDOLDQ��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³6ZHGLVK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³-DSDQHVH��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³1RUZHJLDQ��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³)LQQLVK��0����$�%� 0���������� 0����������

.H\SDQHO�DVVHPEO\�ZLWK�6S2�³'DQLVK��0����$�%� 0���������� 0����������

� 5HFRUGHU�DVVHPEO\��0����$�%��0����$�%� 0�����������

�D &DEOH��UHFRUGHU 0�����������

7DEOH���� 7RS�&DVH�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��
3DUW�1R��:LWK�
6KRFN�$GYLVRU\
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
�E 6FUHZ��0��[�����TW\��� ����������

�F 3ULQWHU�/DEHO�NLW��0����$�%��0����$�%� 0�����������

� %XFNHW�DVVHPEO\��JDVNHW�DQG�EXFNHW�� 0�����������

�D *DVNHW��5HFRUGHU�&KDQQHO 0�����������

� 3DFHU�NH\ERDUG�3&$���0����$�%� 0�����������

�D &DEOH��SDFHU�NH\ERDUG� 0�����������

�E 6FUHZ��0��[�����TW\�����3DFHU�WR�FRYHU� ����������

� 3DFHU�NH\SDG³(QJOLVK���0����$�%� 0�����������

3DFHU�NH\SDG³)UHQFK���0����$�%� 0�����������

3DFHU�NH\SDG³*HUPDQ���0����$�%� 0�����������

3DFHU�NH\SDG³'XWFK���0����$�%� 0�����������

3DFHU�NH\SDG³6SDQLVK���0����$�%� 0�����������

3DFHU�NH\SDG³,WDOLDQ���0����$�%� 0����������

3DFHU�NH\SDG³6ZHGLVK���0����$�%� 0�����������

3DFHU�NH\SDG³-DSDQHVH���0����$�%� 0�����������

3DFHU�NH\SDG³1RUZHJLDQ���0����$�%� 0�����������

3DFHU�NH\SDG³)LQQLVK���0����$�%� 0�����������

3DFHU�NH\SDG³'DQLVK���0����$�%� 0�����������

� %H]HO³SDFHU��ZKLWH����0����$� 0�����������

%H]HO³SDFHU��\HOORZ����0����%� 0�����������

%H]HO³QR�SDFHU��ZKLWH����0����$��0����$� 0�����������

%H]HO³QR�SDFHU��\HOORZ����0����%��0����%� 0�����������

� &RYHU��WRS��ZKLWH����0����$��0����$�
�5HTXLUHV�FDVH�ODEHO�VHW�

0�����������

&RYHU��WRS��\HOORZ����0����%�0����%�
�5HTXLUHV�FDVH�ODEHO�VHW�

0�����������

� &RQWDFWRU��SDGGOH 0�����������

�D 6FUHZ³0��[����3DGGOH�UHWDLQHUV�� ����������


�7KH�ZKLWH�DQG�\HOORZ�SULQWHU�FDEOHV�DUH�FRQWDLQHG�LQ�WKH�3ULQWHU�/DEHO�.LW 0����������

7DEOH���� 7RS�&DVH�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��
3DUW�1R��:LWK�
6KRFN�$GYLVRU\
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
� &DVH�ODEHOV³(QJOLVK��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³)UHQFK��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³*HUPDQ��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³'XWFK��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³6SDQLVK��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³,WDOLDQ��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³6ZHGLVK��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³-DSDQHVH��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³1RUZHJLDQ��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³)LQQLVK��ZKLWH����0����$��0����$� 0�����������

&DVH�ODEHOV³'DQLVK��ZKLWH����0����$��0����$� 0�����������

� &DVH�ODEHOV³(QJOLVK��\HOORZ����0����%��0����%� 0�����������

&DVH�ODEHOV³)UHQFK��\HOORZ����0����%��0����%� 0�����������

&DVH�ODEHOV³*HUPDQ��\HOORZ����0����%��0����%� 0�����������

&DVH�ODEHOV³'XWFK��\HOORZ����0����%��0����%� 0����������

&DVH�ODEHOV³6SDQLVK��\HOORZ����0����%��0����%� 0�����������

&DVH�ODEHOV³,WDOLDQ��\HOORZ����0����%��0����%� 0�����������

&DVH�ODEHOV³6ZHGLVK��\HOORZ����0����%��0����%� 0�����������

&DVH�ODEHOV³-DSDQHVH��\HOORZ����0����%��0����%� 0�����������

&DVH�ODEHOV³1RUZHJLDQ��\HOORZ����0����%��0����%� 0�����������

&DVH�ODEHOV³)LQQLVK��\HOORZ����0����%��0����%� 0�����������

&DVH�ODEHOV³'DQLVK��\HOORZ����0����%��0����%� 0�����������

�� $GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�(QJOLVK 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�)UHQFK 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�*HUPDQ 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�'XWFK 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�6SDQLVK 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�,WDOLDQ 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�6ZHGLVK 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�-DSDQHVH 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�1RUZHJLDQ 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�)LQQLVK 0����������

$GYLVRU\�0RGH�,QVWUXFWLRQ�/DEHO�'DQLVK 0����������

7DEOH���� 7RS�&DVH�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��
3DUW�1R��:LWK�
6KRFN�$GYLVRU\
6-7

May 17, 2000 4:05 pm DRAFT



3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH����

7RS�&DVH³,QVLGH� 6-2

7DEOH���� 7RS�&DVH³,QVLGH�3DUWV�/LVW

5HI�
1R� 'HVFULSWLRQ 3DUW�1R�

� 5HVLVWRU�DVVHPEO\��SDWLHQW�ORDG 0�����������

� 6FUHZ��0��[�����TW\���� ���������

� 6FUHZ��0��[����TW\���� ���������

� &DEOH�FODPS��TW\���� ����������
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH����

%RWWRP�&DVH 6-3
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH����

%RWWRP�&DVH 6-4

7DEOH���� %RWWRP�&DVH�3DUWV�/LVW�

5HI�
1R�

'HVFULSWLRQ 3DUW�1R�

� &RQWURO�3&$���0����$�%��0����$�%� 0����������

�D %DWWHU\��OLWKLXP��9�����$+ ����������

�E 6FUHZ��0��[�����TW\���� ����������

�F 3UHVV�ILW�VWDQGRIIV 0����������
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
� 6WDQGRII��LQVXODWHG��TW\���� 0�����������

� &57�$VVHPEO\���0����$�%��0����$�%� 0�����������

�D 6FUHZ��0��[��� ����������

�E 6FUHZ��0��[��� ����������

�F :DVKHU��TW\���� ����������
6HH�7DEOH����

� 3RZHU�6XSSO\�DVVHPEO\ 0�����������

�D 6FUHZ��0��[�����TW\���� ����������

�E )XVH���$����9�)DVW ����������

�F 3RZHU�VXSSO\�FDEOH 0�����������

� 3DFHU�3&$���0����$�%� 0�����������

�D &DEOH��3DFHU�&RQWURO 0�����������

� &DVH��ERWWRP��ZKLWH����0����$��0����$��
�5HTXLUHV�FDVH�ODEHO�VHW��VHH�7DEOH�������
�,QFOXGHV�IHHW��EDWWHU\�FRPSDUWPHQW�SDG��UHFHSWDFOH�SDGV��WZR�SOXJV�DQG�6S2��
FDVH�ODEHOV��

0�����������

&DVH��ERWWRP��\HOORZ����0����%��0����%��
�5HTXLUHV�FDVH�ODEHO�VHW��VHH�7DEOH�������
�,QFOXGHV�IHHW��EDWWHU\�FRPSDUWPHQW�SDG��UHFHSWDFOH�SDGV��WZR�SOXJV�DQG�6S2��
FDVH�ODEHOV��

0�����������

)RRW��SODVWLF���TW\���� ����������

3DG��%DWWHU\�&RPSDUWPHQW 0�����������

6S2��&DVH�/DEHOV��:KLWH��(QJOLVK� 0����������

6S2��&DVH�/DEHOV��:KLWH��,QWHUQDWLRQDO� 0����������

6S2��&DVH�/DEHOV��<HOORZ��(QJOLVK� 0����������

6S2��&DVH�/DEHOV��<HOORZ��,QWHUQDWLRQDO� 0����������

3OXJ³1R�6S2���<HOORZ� 0����������

3OXJ³1R�6S2���ZKLWH� 0����������

�D 6FUHZ��0��[�����TW\���� ����������

� %DWWHU\�DVVHPEO\��OHDG�DFLG 0����$�

7DEOH���� %RWWRP�&DVH�3DUWV�/LVW�

5HI�
1R�

'HVFULSWLRQ 3DUW�1R�
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
� %DWWHU\�GRRU�DVVHPEO\��ZKLWH����0����$��0����$���5HTXLUHV�FDVH�ODEHO�VHW��
VHH�7DEOH������

0�����������

%DWWHU\�GRRU�DVVHPEO\��\HOORZ����0����%��0����%���5HTXLUHV�FDVH�ODEHO�VHW��
VHH�7DEOH������

0�����������
6HH�7DEOH�����

� (&*�,Q�FDEOH����SLQ 0�����������

(&*�,Q�FDEOH����SLQ 0�����������

(&*�,Q�FDEOH�����SLQ 0�����������

�� �/DEHO��SDUW�RI�FDVH�ODEHO�VHW� 6HH�7DEOH������

�� 456�YROXPH�FRQWURO�DVVHPEO\� 0�����������

��D 6FUHZ��0��[�����TW\���� ����������

�� %HHSHU 0�����������

�� &DEOH³(&*�2XW�6\QF� 0�����������

��D 5LQJ�QXW�����LQ��QRW�VKRZQ� ����������

��E /RFNZDVKHU������LQ��QRW�VKRZQ� ����������

�� 6S2��3&$ 0����������

��D 6S2��&RQQHFWRU 0����������

��E 6S2��WR�NH\ERDUG�FDEOH 0����������

��F 7LH�ORFNV��VHW�RI��� ���������

��G ,QVXODWRU��P\ODU��QRW�VKRZQ� 0����������

�� $&�LQSXW�UHFHSWDFOH� 0����������

�� +LJK�9ROWDJH�$VVHPEO\���0����$�%��0����$�%� 6HH�7DEOH�����

��D 6FUHZ��0��[�����TW\���� ����������

�� 3OXJ��6HFXULQJ��%DWWHU\�FRQQHFWRU� 0�����������

�� 3DWLHQW�5HOD\�$VVHPEO\ 6HH�7DEOH������

�� )URQW�(QG�3&$���0����$�%��0����$�%� 0�����������

��D &DEOH³)URQW�(QG�&RQWURO 0�����������

�� 5HFHSWDFOH�DVVHPEO\³SDGGOH��LQFOXGHV���D�����G� 0�����������

��D 3DG��TW\���� 0�����������

��E &DEOH��SDGGOH�UHFHSWDFOH��QRW�VKRZQ� 0�����������

��F 5HFHSWDFOH��ERG\��QRW�VKRZQ� 0�����������

7DEOH���� %RWWRP�&DVH�3DUWV�/LVW�

5HI�
1R�

'HVFULSWLRQ 3DUW�1R�
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
��G 6FUHZ��WDSSLQJ�������QRW�VKRZQ� ����������

�� *URXQG�OXJ��QRW�VKRZQ� ����������

��D :DVKHU��IODW��QRW�VKRZQ� ������������

��E 1XW��KH[��TW\�����QRW�VKRZQ� �����������

��F :DVKHU��ORFN��QRW�VKRZQ� ����������

7DEOH���� %RWWRP�&DVH�3DUWV�/LVW�

5HI�
1R�

'HVFULSWLRQ 3DUW�1R�
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH����

%DWWHU\�'RRU�$VVHPEO\ 6-5

7DEOH���� %DWWHU\�'RRU�$VVHPEO\�3DUWV�/LVW

5HI�
1R� 'HVFULSWLRQ 3DUW�1R��

� %DWWHU\�GRRU�DVVHPEO\��ZKLWH����0����$��0����$���LQFOXGHV�LWHPV�QXPEHUHG�
��WKURXJK���

0����������

%DWWHU\�GRRU�DVVHPEO\��\HOORZ����0����%��0����%���LQFOXGHV�LWHPV�QXPEHUHG�
��WKURXJK���

0�����������

� )DVWHQHU������WXUQ��TW\���� ����������

� 6SULQJ��TW\���� ����������

� :DVKHU��Q\ORQ��TW\���� ����������

� /DEHOV��GRRU�ORFN��TW\���� 0�����������

� :DVKHU��VSOLW ����������

� :DVKHU��Q\ORQ ����������

� /DEHO��3DUW�RI�FDVH�ODEHO�VHW� 6HH�7DEOH����
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH����

.H\�3DQHO�$VVHPEO\ 6-6

7

7DEOH���� .H\SDQHO�$VVHPEO\�3DUWV�/LVW

5HI�
1R� 'HVFULSWLRQ 3DUW�1R�

6KRFN�$GYLVRU\�
3DUW�1R�

� .H\ODEHO�ZLWKRXW�6S2�³(QJOLVK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³)UHQFK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³*HUPDQ��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³'XWFK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³6SDQLVK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³,WDOLDQ��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³6ZHGLVK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³-DSDQHVH��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³1RUZHJLDQ��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³)LQQLVK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³'DQLVK��0����$�%� 0����������� 0����������
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
� .H\ODEHO�ZLWK�6S2�³(QJOLVK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³)UHQFK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³*HUPDQ��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³'XWFK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³6SDQLVK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³,WDOLDQ��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³6ZHGLVK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³-DSDQHVH��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³1RUZHJLDQ��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³)LQQLVK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³'DQLVK��0����$�%� 0���������� 0����������

� .H\ODEHO�ZLWKRXW�6S2�³(QJOLVK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³)UHQFK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³*HUPDQ��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³'XWFK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³6SDQLVK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³,WDOLDQ��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³6ZHGLVK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³-DSDQHVH��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³1RUZHJLDQ��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³)LQQLVK��0����$�%� 0����������� 0����������

.H\ODEHO�ZLWKRXW�6S2�³'DQLVK��0����$�%� 0����������� 0����������

7DEOH���� .H\SDQHO�$VVHPEO\�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R�
6KRFN�$GYLVRU\�
3DUW�1R�
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
� .H\ODEHO�ZLWK�6S2�³(QJOLVK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³)UHQFK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³*HUPDQ��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³'XWFK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³6SDQLVK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³,WDOLDQ��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³6ZHGLVK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³-DSDQHVH��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³1RUZHJLDQ��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³)LQQLVK��0����$�%� 0���������� 0����������

.H\ODEHO�ZLWK�6S2�³'DQLVK��0����$�%� 0���������� 0����������

� %H]HO�(QHUJ\�VHOHFW�VZLWFK�ZLWK�ZLWKRXW�6S2���0����$�%��0����$�%� 0�����������

� /HQV³&57� 0�����������

� 6FUHZ��0��[�����TW\����� ����������

� .H\SDG�³(QJOLVK���0����$�%��0����$�%� 0����������

.H\SDG�³)UHQFK���0����$�%��0����$�%� 0����������

.H\SDG�³*HUPDQ���0����$�%��0����$�%� 0����������

.H\SDG�³'XWFK���0����$�%��0����$�%� 0����������

.H\SDG�³6SDQLVK���0����$�%��0����$�%� 0����������

.H\SDG�³,WDOLDQ���0����$�%��0����$�%� 0����������

.H\SDG�³6ZHGLVK���0����$�%��0����$�%� 0����������

.H\SDG�³-DSDQHVH���0����$�%�0����$�%� 0����������

.H\SDG�³1RUZHJLDQ���0����$�%��0����$�%� 0����������

.H\SDG�³)LQQLVK���0����$�%��0����$�%� 0����������

.H\SDG�³'DQLVK���0����$�%��0����$�%� 0����������

� .H\SDQHO��3&$���FRPHV�ZLWK�FDEOH�0����������� � 0����������

� 5RWDU\�6ZLWFK 0����������

1 The keypad may include more keys than the instrument allows. Cut out all unnecessary keys. The cut should be made to 
leave a hole in place of the key.

2 This Keypanel PCA is used in both the M1722 and M1723. To use this keypanel in the M1723A/B, you must first cut a 
trace on the circuit board. See “Removing and Disassembling the Keypanel Assembly” on page 5-7 for detailed informa-
tion.

7DEOH���� .H\SDQHO�$VVHPEO\�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R�
6KRFN�$GYLVRU\�
3DUW�1R�
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH�����

+LJK�9ROWDJH�$VVHPEO\� 6-7

7DEOH���� +LJK�9ROWDJH�$VVHPEO\�3DUWV�/LVW

5HI��
1R�

'HVFULSWLRQ 3DUW�1R�

� +9�&DSDFLWRU�5HWDLQHU 0�����������

� +9�&DSDFLWRU� 0�����������

� +9�5HWDLQHU� 0�����������

� +LJK�9ROWDJH�3&$��LQFOXGHV�EDWWHU\�ERDUG� 0�����������

�D )XVH����$����9� ���������

� ,QGXFWRU� 0����������

� ,QGXFWRU�5HWDLQHU� 0����������

� 3DWLHQW�5HOD\�$VVHPEO\��LQFOXGHV�SDWLHQW�UHOD\�DQG�EUDFNHW� 0�����������

5HOD\��3DWLHQW 0�����������

5HOD\�%UDFNHW 0�����������

�D 6FUHZ��0�[����TW\���� ����������

3DUW�1R� 0-0
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH����

&57�$VVHPEO\ 6-8

���� 6FUHZ³0��[�����TW\���� ����������

�� 6WDQG�RIIV��TW\���� 0����������

7DEOH���� +LJK�9ROWDJH�$VVHPEO\�3DUWV�/LVW

5HI��
1R�

'HVFULSWLRQ 3DUW�1R�

7DEOH���� &57�$VVHPEO\�3DUWV�/LVW

5HI�
1R� 'HVFULSWLRQ 3DUW�1R��

&57�$VVHPEO\��0����$�%���0����$�%���LQFOXGHV�LWHPV���WKURXJK��� 0�����������

� &57�7XEH� 0����������

� &57�&KDVVLV� 0����������

� 'HIOHFWLRQ�3&$� 0����������

� 6FUHZ³0�[����TW\���� ���������

� :DVKHU��IODW��TW\���� ���������
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
� 6FUHZ³0�[����TW\����� ���������

� <RNH� ���������

� &DEOH³&57�&RQWURO� 0����������

7DEOH���� &57�$VVHPEO\�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH����

5HFRUGHU�$VVHPEO\ 6-9

7DEOH���� 5HFRUGHU�$VVHPEO\�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��

5HFRUGHU�$VVHPEO\��ZKLWH�	�\HOORZ����0����$�%��0����$�%����LQFOXGH�LWHPV�
QXPEHUHG���WKURXJK����

0����������

� 3ODWHQ�GRRU�DVVHPEO\��ZKLWH����0����$��0����$� 0�����������

3ODWHQ�GRRU�DVVHPEO\��\HOORZ����0����%��0����%� 0�����������

� 5LJKW�FKDVVLV 0�����������

� 6SULQJ³GRRU��ULJKW 0�����������

� *HDU����������� 0�����������

� *HDU����������� 0�����������

� *HDU����������� 0�����������

� *HDU�������� 0�����������

� 0RWRU�DVVHPEO\� 0�����������

� 5HWDLQLQJ�ULQJ� ����������

�� 6FUHZ��0��[����TW\���� ����������

�� 6SULQJ��H[WHQVLRQ��TW\���� 0�����������
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
�� 'RRU³VOLGLQJ��ZKLWH����0����$��0����$� 0�����������

'RRU³VOLGLQJ��\HOORZ����0����%��0����%� 
�0�����������

�� 3ULQWKHDG�DVVHPEO\� 0�����������

�� 5HFRUGHU�3&$� 0�����������

�� 6SULQJ³GRRU��OHIW 0����������

�� 6FUHZ��0��[�����TW\���� ����������

�� /HIW�FKDVVLV 0�����������

�� 3ULQWHU�/DEHO�.LW��0����$�%��0����$�%�� 0����������

�� 3DSHU�HMHFWRU 0�����������

3DSHU��WKHUPDO��QRW�VKRZQ� �����&?'�


�7KH�ZKLWH�DQG�\HOORZ�SULQWHU�ODEHOV�DUH�FRQWDLQHG�LQ�WKH�3ULQWHU�/DEHO�.LW 0����������

7DEOH���� 5HFRUGHU�$VVHPEO\�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH������

([WHUQDO�3DGGOHV�$VVHPEO\³$SH[� 6-10
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH������

([WHUQDO�3DGGOHV�$VVHPEO\³6WHUQXP��ZLWK�3&,� 6-11
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH������

([WHUQDO�3DGGOHV�$VVHPEO\³6WHUQXP��ZLWKRXW�3&,� 6-12

6-12
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
7DEOH���� 3DGGOH�$VVHPEO\�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��

3DGGOH�VHW��$QW�$QW�Z�3&,��ZKLWH�� 0����$�

3DGGOH�VHW��$QW�$QW�Z�3&,��\HOORZ�� 0����%�

3DGGOH�VHW��$QW�$QW�QR�3&,��ZKLWH�� 0����$�

3DGGOH�VHW��$QW�$QW�QR�3&,��\HOORZ�� 0����%�

� &RLO�FRUG��$SH[�VWHUQXP� 0�����������

� 6FUHZ��3+06������[��������TW\���� ����������

� &RYHU���SDGGOH��QR�3&,���$SH[�6WHUQXP� 0�����������

&RYHU�SDGGOH��ZLWK�3&,���6WHUQXP� 0�����������

� 3&$���$SH[�SDGGOH 0�����������

� 3&$���6WHUQXP�SDGGOH��QR�3&,� 0�����������

3&$���6WHUQXP�SDGGOH��ZLWK�3&,� 0�����������

� %XWWRQ��GLVFKDUJH ������������

� 3DGGOH��$SH[ 0�����������

� 3DGGOH��6WHUQXP��QR�3&,� 0����������

3DGGOH��6WHUQXP��ZLWK�3&,� 0����������

�� 6SULQJ ������������

�� 6FUHZ��3+06������[��������6WHUQXP�Z�3&,� ����������

�� &KDUJH�EXWWRQ 0�����������

�� )LEHU�ZDVKHU� ����������

�� /LJKW�LQGLFDWRU ������������

�� $GXOW�$GDSWRU 0�����������
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
�� 3DGGOH�ODEHOV��3&,�³(QJOLVK� 0�����������

3DGGOH�ODEHOV��3&,�³)UHQFK� 0�����������

3DGGOH�ODEHOV��3&,�³*HUPDQ� 0�����������

3DGGOH�ODEHOV��3&,�³'XWFK� 0�����������

3DGGOH�ODEHOV��3&,�³6SDQLVK� 0�����������

3DGGOH�ODEHOV��3&,�³,WDOLDQ� 0�����������

3DGGOH�ODEHOV��3&,�³6ZHGLVK� 0�����������

3DGGOH�ODEHOV��3&,�³-DSDQHVH� 0�����������

3DGGOH�ODEHOV��3&,�³1RUZHJLDQ� 0�����������

3DGGOH�ODEHOV��3&,�³)LQQLVK� 0�����������

3DGGOH�ODEHOV��3&,�³'DQLVK� 0�����������

�� 3DGGOH�ODEHOV��QR�3&,�³(QJOLVK� 0�����������

3DGGOH�ODEHOV��QR�3&,�³)UHQFK� 0�����������

3DGGOH�ODEHOV��QR�3&,�³*HUPDQ� 0�����������

3DGGOH�ODEHOV��QR�3&,�³'XWFK� 0�����������

3DGGOH�ODEHOV��QR�3&,�³6SDQLVK� 0�����������

3DGGOH�ODEHOV��QR�3&,�³,WDOLDQ� 0�����������

3DGGOH�ODEHOV��QR�3&,�³6ZHGLVK� 0����������

3DGGOH�ODEHOV��QR�3&,�³-DSDQHVH� 0�����������

3DGGOH�ODEHOV��QR�3&,�³1RUZHJLDQ� 0�����������

3DGGOH�ODEHOV��QR�3&,�³)LQQLVK� 0�����������

3DGGOH�ODEHOV��QR�3&,�³'DQLVK� 0�����������

7DEOH���� 3DGGOH�$VVHPEO\�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
)LJXUH������

([WHUQDO�3DGGOHV�&RQQHFWRU�$VVHPEO\ 6-13

7DEOH����� ([WHUQDO�3DGGOHV�&RQQHFWRU�$VVHPEO\�3DUWV�/LVW

5HI�
1R� 'HVFULSWLRQ 3DUW�1R��

� &RLO�FRUG 0�����������

�� 6FUHZ��������WDSSLQJ��TW\���� ����������

�� %RG\��FRQQHFWRU 0�����������

�� 6FUHZ��������WDSSLQJ��TW\���� ����������

�� /DWFK��VOLGLQJ��ZKLWH� 0�����������

/DWFK��VOLGLQJ��\HOORZ� 0�����������

/DWFK��VOLGLQJ��EODFN� 0����������

�� &RYHU��SDGGOH�FRQQHFWRU��ZKLWH� 0�����������

&RYHU��SDGGOH�FRQQHFWRU��\HOORZ� 0�����������

&RYHU��SDGGOH�FRQQHFWRU��EODFN� 0����������
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
�� 5HWDLQHU��VWUDLQ�UHOLHI��ZKLWH� 0�����������

5HWDLQHU��VWUDLQ�UHOLHI��\HOORZ� 0�����������

5HWDLQHU��VWUDLQ�UHOLHI��EODFN� 0����������

7DEOH����� ([WHUQDO�3DGGOHV�&RQQHFWRU�$VVHPEO\�3DUWV�/LVW

5HI�
1R�

'HVFULSWLRQ 3DUW�1R��

7DEOH����� 6XSSOLHV�/LVW

'HVFULSWLRQ 3DUW�1R��

3DWLHQW�&DEOHV�

3DWLHQW�FDEOH���SLQ���ZLUH�$+$ 0����$�

3DWLHQW�FDEOH���SLQ���ZLUH�$+$ 0����$�

3DWLHQW�FDEOH���SLQ���ZLUH�$+$ 0����$�

3DWLHQW�FDEOH���SLQ���ZLUH�$+$ 0����$�

3DWLHQW�FDEOH���SLQ���ZLUH�,(& 0����$�

3DWLHQW�FDEOH���SLQ���ZLUH�,(& 0����$�

7UXQN�FDEOH����SLQ���ZLUH�$+$ 0����$�

/HDG�VHW���ZLUH�$+$ 0����$�

7UXQN�FDEOH����SLQ���ZLUH�,(& 0����$�

/HDG�VHW���ZLUH�,(& 0����$�

7UXQN�FDEOH����SLQ���ZLUH�$+$ 0����$�

/HDG�VHW���ZLUH�$+$ 0����$�

7UXQN�FDEOH����SLQ���ZLUH�,(& 0����$�

/HDG�VHW���ZLUH�,(& 0����$�

3DGGOHV�

,QWHUQDO�SDGGOH�DGDSWHU��:KLWH�� 0����$�

,QWHUQDO�SDGGOH�DGDSWHU��<HOORZ� 0����%�

,QWHUQDO�SDGGOH�VHW����FP 0����$�

,QWHUQDO�SDGGOH�VHW����FP 0����$�

,QWHUQDO�SDGGOH�VHW����FP 0����$�

,QWHUQDO�SDGGOH�VHW����FP 0����$�

$QWHULRU�DQWHULRU�SDGGOH�VHW��ZKLWH���ZLWK�3&, 0����$�
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3DUWV�/LVWV
&DOOLQJ�IRU�$VVLVWDQFH
$QWHULRU�DQWHULRU�SDGGOH�VHW��\HOORZ���ZLWK�3&, 0����%�

$QWHULRU�DQWHULRU�SDGGOH�VHW��ZKLWH���QR�3&, 0����$�

$QWHULRU�DQWHULRU�SDGGOH�VHW��\HOORZ���QR�3&, 0����%�

3DGV�

'HILEULOODWLRQ�3DFLQJ�3DGV��$GXOW�$$0,� 0����$�

'HILEULOODWLRQ�3DFLQJ�3DGV��$GXOW�,(&� 0����$

'HILEULOODWLRQ�3DFLQJ�3DGV��3HGLDWULF�,(&� 0����$

'HILEULOODWLRQ�3DFLQJ�3DGV��3HGLDWULF�$$0,� 0����$

3DGV�DGDSWHU��:KLWH� 0����$�

3DGV�DGDSWHU��<HOORZ� 0����%�

3DGV�DGDSWHU�WHVW�ORDG 0����$�

%DWWHU\��OHDG�DFLG� 0����$�

5HFRUGHU�SDSHU �����&�'�

&DUU\�FDVH 0����$�

$FFHVVRU\�SRXFK 0����$�

:DOO�PRXQW�KDUGZDUH 0�����������

7DEOH����� 6XSSOLHV�/LVW

'HVFULSWLRQ 3DUW�1R��
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3DUWV�/LVWV
&DUW�3DUWV�DQG�5HSDLU
6Cart Parts and Repair 

Hewlett-Packard does not repair or supply parts for the MTRO-00336L cart. To obtain 
information about ordering parts or repair services, contact: 

InterMetro Industries Corp. 

North Washington Street 

P.O. Box A 

Wilkes-Barre, PA 18705-0557

Attn: Ben Stepniak, Customer Service 

Telephone: 717-825-2741
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7Theory of Operation 
parts 

llator 
pany 
7Introduction 

This chapter provides theory of operation for the M1722B Defibrillator. The theory 
describes at a high level the functional operation of the major electronic assemblies (listed 
below) that make up the defibrillator. 

• Control board

• Power supply

• High voltage board

• Patient circuit

• ECG front end board

• CRT module

• Pacer board

• SpO2 board

• Main keypanel board

• Pacer keypanel board

• Recorder module 

These are the primary field-replaceable assemblies. For a complete listing of repair 
available for field repair, refer to Chapter 6, Parts Lists. 

Circuit References 

Components are usually referred to by the component's function (such as the Defibri
processor). References more specific than that are to individual diagrams that accom
the text.
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7KHRU\�RI�2SHUDWLRQ
&RQWURO�%RDUG

 are 
 the 
l 
With a few exceptions, the only signal names used in this theory description are those that 
pass between the boards. Appendix A provides signal descriptions for each connector. 
Some signal names are prefixed with a letter that indicates what kind of signal it is. While 
this is not always true, you can usually assume the following:

7Control Board 

The control board provides the processing power to run the defibrillator and supplies a 
central interconnect for other parts of the instrument. Three processors are supported on 
the control board: an 80960KA (the Monitor processor), a µPD77C25 (Digital Signal 
processor–DSP), and an 80C196KC (the Defibrillator processor). These processors
connected to one another and to peripheral devices through two CMOS gate arrays,
System gate array and the CRT/Recorder gate array. Figure 7-1 shows the functiona
groupings and their basic interconnections.

c Connector Signals. These have been conditioned for EMI purposes. 
f Filtered Signals. These signals have been low-pass-filtered to minimize the 

high frequency components that they would otherwise contain.
n Active Low.
p Pulsed signals (except for clocks, which usually have ‘clk' embedded in their 

names). 
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7KHRU\�RI�2SHUDWLRQ
&RQWURO�%RDUG
)LJXUH����

&RQWURO�%RDUG�%ORFN�'LDJUDP� 7-1

The control board performs a variety of individual functions that fall into three major 
functional groups, each centered on one of the three processors. Other functions on the 
control board include the power supply interface and three analog functions.

Defibrillator Processor Functional Group 

The Defibrillator processor handles the keyboard and indicator interface, system 
monitoring, and, with the System gate array, defibrillation control.
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7KHRU\�RI�2SHUDWLRQ
&RQWURO�%RDUG
Defibrillation Control

Defibrillation control includes the charging and discharging operations.

Charging 

The Defibrillator processor detects the closure of the paddles charge key, finback, at one 
of the processor’s direct analog inputs, or it detects the closure of the front panel charge 
key, fnCHARGEKEY, by reading its value from the System gate array. After a debounce 
time, the key closure is considered valid and the processor begins a charge operation. The 
level of charge is determined from the value of four bits from a grey-coded rotary switch 
(fENSEL0, 1, 2, and 3) (also read from the System gate array).

Before charging begins, the Defibrillator processor instructs the System gate array to open 
the safety relay, which is located on the high voltage board. The System gate array asserts 
fOPNSFRLY (open safety relay), which commands the high voltage board to remove the 
47 kΩ safety resistor that is normally across the High voltage capacitor.

A charge operation begins when the Defibrillator processor instructs the System gate array 
to assert the logic signal fnCHGEN and give the analog signal fCHRATE a non- zero 
value. These signals go to the high voltage board, which begins charging at the specified 
rate. While the charging proceeds, the Defibrillator processor monitors the energy present 
in the High voltage capacitor by sampling the capacitor voltage, fVCAP.

When the processor is satisfied that the proper energy is stored in the High voltage 
capacitor, it turns the charger off by placing a zero value on the fCHRATE line, and de-
asserting fCHGEN. As charge bleeds off the High voltage capacitor, the processor will 
periodically request refresh charges from the charging circuitry. If the requested charge is 
lowered, the safety relay is used to bleed off charge to the lower level.
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May 17, 2000 4:06 pm DRAFT



7KHRU\�RI�2SHUDWLRQ
&RQWURO�%RDUG
Discharging 

A shock request occurs when both the Sternum and Apex Shock keys are closed, asserting 
fnDISCHGS and fnDISCHGA. These two signals are "NORed" to generate fHVDISCHG 
which is routed to both the Defibrillator processor and the high voltage board (for 
redundancy purposes).

The Defibrillator processor performs the shock operation by issuing a shock request 
command to the System gate array. When this happens, the System gate array takes over. 
It begins a waiting period (approximately 1 msec.) that allows the processors to prepare to 
be reset. When the waiting period is over, all processors are reset. The System gate array 
then asserts fPRDRV, which when combined with fHVDISCHG, closes the patient relay. 
Once the patient relay is closed, only fPRDRV true is required to keep it closed. The safety 
relay is also closed (fOPNSFRLY is de-asserted) when the fPRDRV line is asserted.

When the shock reset time is over (approximately 80 msec from shock initiation), the 
system gate array releases all processors from reset. All processors then perform post-
shock initialization and resynchronize communication paths. At 300 msec from shock 
initiation, the defibrillator processor opens the patient relay, thus terminating the shock 
sequence

System Monitoring 

The Defibrillator processor monitors a variety of system functions. Some of these are read 
directly by the processor at its analog inputs, while others are first preselected using an 
analog multiplexer. The direct measurements are: 

Capacitor volt-
age

A sample of the voltage across the High voltage capacitor 
(VCAP). Used to determine the energy stored in the capacitor. 
One volt at the A/D equals 1144 volts at the H.V. capacitor. 

QRS volume 
control

Reads the value of fQRSCNTL to set the volume level of the 
QRS tone. fQRSCNTL varies between 0 and approximately 3 
V depending on the setting of the QRS volume control. 

Printhead tem-
perature

Reads the value of fTSENSE, an analog signal generated by a 
temperature sensor on the recorder. Used to vary the duty 
cycle for printhead write in response to changes in printhead 
temperature.

Head resistance The recorder board encodes printhead resistance into a volt-
age (fCAL). The Defibrillator processor converts fCAL to a 
digital signal used by the Monitor processor to set the duty 
cycle for printhead writes.

Paddles identifi-
cation

The Defibrillator processor reads the voltage value on the 
fPADID line to determine the type of paddles connected to the 
instrument. Table 7-1 lists the voltage levels for the paddles 
types.
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The multiplexed measurements are: 

Keyboard and Indicator Interface 

The Defibrillator processor performs most of the keyboard and indicator functions 
through the System gate array. For keyboard functions, this is implemented with a parallel 
register set. The Defibrillator processor debounces keys, which are then saved in the 
System gate array. In the System gate array, both the Defibrillator and Monitor processors 
can access the debounced key registers.

Similarly, output drive for the LED indicators comes from a parallel port (controlled by 
the Defibrillator processor). These outputs drive emitter followers, which provide the 
current drive required by the LEDs.

All key lines are filtered for EMI. The filters also provide some protection to the inputs of 
the gate array.

The energy select switch is treated differently. It uses a 1 kΩ pull-up resistor to provide 
more current for switch contact reliability.

7DEOH���� 3$','�9ROWDJH�9DOXH�YV��3DGGOHV�7\SH

I3$','� �3DGGOHV�7\SH�

������9� �,QWHUQDO�3DGGOHV�

≥��������9� �([WHUQDO�3DGGOHV�

≥��������9� �([WHUQDO�3DGV�

≥����9� �1RQH�

Peak current The Defibrillator processor reads the value on the SIPEAK 
line, which is a sample of the peak discharge current delivered 
to a patient. One volt at the A/D converter indicates 20.5 
amperes of peak current.

Pacer current The pacer current is sampled on the pacer board and deliv-
ered to the control board on the fPACMES line.

Supply voltages The control board monitors the following voltages: 
• Battery (VBATT)
• +12 V (12V) 
• +5 V (5V)
• +VDC (VDC2) 

Defibrillator 
status

The Defibrillator processor reads fDEFIBSTAT, an analog 
signal generated by the high voltage board to provide status 
information. Normally, the status is "good" when fDEFIB-
STAT is >2.5 V, and "error" when ≤2.5 V. Immediately follow-
ing a shock (while the patient relay is still closed) status is 
"good" when fDEFIBSTAT is <1.0 V, "error" when ≥1.0 V. 
7-6
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The Monitor Processor Functional Group 

The Monitor processor (an 80960KA processor) handles central processing, and with the 
CRT/Recorder gate array, display control and recorder control. The Monitor processor 
also handles the interface with the Option Slot. 

Central Processing

The main processing power of the system consists of the Monitor processor, its decoding 
and demultiplexing logic, ROM, and RAM. The CRT/Recorder gate array provides clocks 
and various control signals to these parts. The Monitor processor operates at 8 MHz (clk2 
equals 16 MHz).

System ROM consists of two 64Kx16 or 128Kx16 devices which are socketed; system 
RAM consists of four 128Kx8 devices. System RAM and the RAM interface to the 
processor are backed up by battery to ensure that data is not lost during power-up or 
power-down. The real-time clock circuitry is also backed up by the battery.

The Monitor processor communicates with the Defibrillator processor and the real-time 
clock through the System gate array. The System gate array also provides four levels of 
Monitor processor interrupts.

Display Control 

The CRT/Recorder gate array interfaces the Monitor processor to the display. The gate 
array generates the necessary strobes to support a fixed-plane 256Kx4 VRAM and a 
moving-plane 256Kx4 VRAM, and provides video and sync information for the CRT. 
Both full-bright and half-bright information is provided to the CRT. The gate array also 
allows the Monitor processor to randomly read and write VRAM.

Recorder Control 

The CRT/Recorder Gate Array also interfaces the recorder to the Monitor processor. The 
recorder requires four 384-bit serial data streams every 5 ms. Because of the very high 
overhead that would be required for the processor to do this directly, the CRT/Recorder 
gate array converts this to 48 32-bit accesses (performed via DMA) from system RAM. 
The CRT/Recorder gate array also generates the appropriate motor control strobes to 
operate the recorder stepper motor. These motor control strobes are pulse-width 
modulated at 32 kHz to reduce motor current consumption.

To maximize printhead life and reliability, an electronic power switch turns off the supply 
voltage when the recorder is not in use. The power switch is an FET with very low on-
resistance and is turned on or off by processor command.

Interface to the Option Slot 

The Monitor processor interfaces to the option slot through J12. This interface consists of 
an 8-bit address/data bus with associated strobes for direction and timing control. The 
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option slot interface includes two reset lines, nERAWRST and nPRST, from the control 
board, and three interrupts from the option slot. Supply voltages available to the option 
slot are +5 and +12 from the main power supply, and +DIGBACKUP from the digital 
backup supply on the control board.

The optional SpO2 board uses the option slot.

Digital Signal Processor 

The uPD77C25 Digital Signal Processor (DSP) handles digital signal processing of ECG 
front end information. The DSP and its supporting logic interface to the ECG front end 
serially using the signals fFESI, fFESO, fnFESENL, and fnFESENP. The DSP interfaces 
to the Monitor processor through the CRT/Recorder gate array.

Power Supply Interface 

The power supply interface consists of four parts:

• Digital backup supply

• Power failure detector

• Switch A control 

• LED drivers 

Digital Backup Supply 

VDC2 and VBATT are diode-ORed to form +VBACKUP. +VBACKUP passes through
low current regulator to generate a 4.3 V supply, +DIGBACKUP. This provides a pow
source whether on battery only or AC only. +DIGBACKUP powers the On/Off circuitr
and VRAM.

Power Failure Detector 

When the +5 V supply voltage drops below +4.65 V, this circuit generates nPF, a sig
that interrupts both processors via the System gate array, and ≈8 ms later produces 
nRAWRST, the basic reset signal.

Switch A Control 

Switch A is a solid-state FET switch in the power supply that connects the battery to V
When the defibrillator is connected to AC, Switch A closes to allow VDC to charge th
battery. When the defibrillator is not connected to AC and the instrument is turned on
Switch A closes to allow the battery to power the instrument. The Switch A control cir
generates fSWADRIVE, the drive signal for Switch A. fSWADRIVE closes Switch A 
under the following conditions: 
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• AC is present and the high voltage capacitor is not charging 

• The defibrillator is on and the battery voltage is higher than the shutdown voltage (
AC)

• The battery is below the shutdown voltage but is charging the high voltage capacito
AC). 

The Switch A control circuit includes part of the mechanism that shuts down the 
instrument when the battery gets too low. One minute after the Defibrillator processo
detects that battery voltage has become too low, it instructs the System gate array to
flip-flop in the Switch A control circuit. This turns off SWADRIVE to open Switch A an
disconnect the battery. If the defibrillator is connected to AC, the instrument will conti
to operate. If the defibrillator is not connected to AC, turning the energy select switch
and then on will restore operation for another one minute until the low battery condit
again forces the instrument to shut down.

LED Drivers 

One driver provides power to the battery charging LED when AC power is on and th
battery is installed; the other driver provides power to the AC-on LED when AC powe
on.

Miscellaneous Analog Functions 

Miscellaneous analog functions performed on the control board are: 

• I-peak measurement — A voltage winding in the Patient inductor samples discharg
rent. The I-peak measurement circuit integrates and peak-detects the sample to pr
SIPEAK. 

• –5 V generation — a voltage inverter converts +5 V to the low-current –5 V used b
some of the operational amplifiers. 

• ECG amplification — an AC-coupled voltage doubler that converts a CMOS-level 
pulse-width-modulated signal from the Defibrillator Gate Array into the 10 V peak-to
peak (+5 V to –5 V) signal required by the 1000:1 ECG output.

• Beeper filtering/amplification — filters and amplifies the TONE signal that comes fr
the System gate array. Provides a 12 V peak-to-peak signal to drive the beeper.

Power-Up/Down Processes 

The following is a description of how the control board performs the powering-up and
powering-down processes. It is assumed that the instrument is either plugged in to th
mains or that a charged battery is installed. In either case, +VBACKUP is about +12
and +DIGBACKUP is at +4.3 V. 
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OFF State 

When the energy select switch is in the off position, the fnON signal line is pulled high. 
This tells the power supply to not generate any of its regulated voltages. Consequently, +5 
V is near ground and the power-fail detector holds the power-fail signal (nPF) low and 
generates nRAWRST. nRAWRST is the reset signal that generates most of the other reset 
signals.

Power-Up 

When the energy select switch is moved from its off position, fnON is shorted to ground. 
This tells the power supply to start generating its regulated voltages. When the 5V supply 
reaches +4.72V, nPF goes high. About 450 ms later, nRAWRST also goes high.

nRAWRST going high tells the gate arrays to begin generating clocks and to start their 
exit from reset processes. When all the resets are released, the Monitor processor performs 
its boot-up and tries to establish communications with the Defibrillator processor via the 
System gate array.

The Monitor processor does a self-check when it comes out of reset. When first released 
from reset, the Monitor processor drives the nFAILURE line low. It then performs a series 
of internal checks. If the results are satisfactory, it releases the nFAILURE line. The 
processor then fetches the first eight words from memory (ROM) and performs a 
checksum on the results of the fetch. If the checksum is correct, the processor continues. If 
not, the nFAILURE line is again driven low and the processor halts operation. By 
watching the nFAILURE line as the processor comes out of reset, you can determine 
whether the processor is functioning internally and whether its connection to ROM is 
functioning.

Power-Down 

A power-down sequence is initiated by the power-failure detector. When the energy select 
switch is moved to its off position or  +5 V supply drops below +4.65 V, the power-failure 
detector asserts nPF (the power fail signal). This signal is routed to the System gate array, 
which then drives a power- fail interrupt to both the Monitor and Defibrillator processors. 
These interrupts tell the processors that they have 1 ms of power to accomplish any tasks 
that must be performed before they shut down. 8 ms after nPF occurs, nRAWRST is 
asserted
7-10
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7Power Supply

The power supply is a universal input supply that accepts 80 - 264 Vac input. It provides 
+5 and +12 volts to operate the defibrillator logic and display circuits, and approximately 
13.5 volts (VDC) to charge the battery and power the high-voltage charger and recorder. 
The block diagram of the power supply is shown in Figure 7-2. This description of the 
power supply covers detail at the functional block level. The functional blocks that make 
up the power supply are: 

• AC/DC Converter

• Battery Charger Control

• DC/DC Converter 

)LJXUH����

3RZHU�6XSSO\�%ORFN�'LDJUDP 7-2

AC/DC Converter 

The first stage of the power supply is the AC/DC converter, a forward converter that 
supplies VDC (13.5 - 16.0 volts) to the DC/DC converter, the high voltage charger, a
the battery (as the charging voltage).
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Battery Charger Control 

SWADRIVE (switch A drive) closes the FET switch between the battery and the AC/DC 
converter supplying VDC, when the instrument is powered by the battery only. When the 
instrument is turned on, switch A is closed to provide battery voltage to the DC/DC 
converters primary side.

Switch A is also closed when ACON is true (AC is on) and the instrument is off, in order 
to charge the battery. Rsense is a bank of resistors used to sense the amount of current 
being delivered to the battery when it is being charged. When the battery supplies the 
system, however, Rsense is bypassed in the battery charger control circuitry. The battery 
charger is a three state charger and is temperature compensated. The following list details 
the three states. 

1 Current limit; charges the battery at 1.60 A rate until charge voltage reaches the over-
charge voltage.

2 Over charge; charges at a voltage greater than Vfloat (nominal charge voltage), V- 
overcharge ≈ 14.5 V @ 25°C). 

3 Float voltage; charges the battery at Vfloat (13.6 V @ 25°C) when charging curre
less than 120 mA. 

DC/DC Converter 

When the instrument is turned on, the DC/DC converter provides +12 and +5 output
voltages from an input voltage range of 9.0 Volts (lowest battery voltage under 
Defibrillator charge) to 16.0 volts (highest VDC) using a flyback converter. The DC/D
converter is powered by the AC/DC Converter at all times unless operating on batter
only.

Efficiency of the DC/DC converter is specified at 80% and is optimized for greatest 
efficiency at nominal load. 
7-12
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The following circuits make up the high voltage board: 

• Battery connector 

• Safety relay drive

• Patient relay drive

• High voltage charger 

These circuits are shown in Figure 7-3. 

)LJXUH����

+LJK�9ROWDJH�%RDUG�%ORFN�'LDJUDP 7-3

Battery Connector 

The Battery Connector board is a small circuit board that connects the lead acid batt
the defibrillator. Fuse F1 (located on the Battery Connector board) protects the batte
from inadvertent instrument shorts. Power is routed to the high voltage board via cab
assemblies P3 and P4. Battery voltage is then routed through the high voltage board
power supply via connector J1.
7-13

May 17, 2000 4:06 pm DRAFT



7KHRU\�RI�2SHUDWLRQ
+LJK�9ROWDJH�%RDUG

is 
 
In 

 of 

 

Safety Relay Drive 

The safety relay is normally closed and opens when control signal OPNSFRLY is true. As 
described earlier, this relay must open before the high voltage capacitor can charge. When 
a defibrillation discharge occurs, the safety relay closes simultaneously with or up to 10 
ms before the patient relay closes. The safety relay circuit will then disarm the capacitor 
on an open paddles discharge. 

Patient Relay Drive 

The patient relay switches high voltage to allow a defibrillator shock. For this to occur, 
both shock switches must be pressed to assert the signal DISCHRG, and the Defibrillator 
processor must issue the shock command PRDRV (patient relay drive), which activates 
the patient relay. The Defibrillator processor monitors the status of the discharge control 
circuitry by reading fDEFIBSTAT. The Defibrillator processor can then display the 
appropriate error message in case of a fault. Error messages are explained in Chapter 4, 
Troubleshooting.

High Voltage Charger 

The high voltage charging circuit charges the High voltage capacitor by means of a 
variable frequency, high-voltage flyback DC/DC converter. When the charging circuit is at 
room temperature and powered by a fully charged battery, ‘fast charge' occurs. In th
mode the defibrillator can charge to 360 joules in under five seconds. When at room
temperature but powered by AC only (battery not installed), ‘normal charge' occurs. 
this condition the instrument will charge to 360 joules in less than 15 seconds. The 
charging of the High voltage capacitor is electrically isolated from grounded portions
the instrument.

A charge begins when the signals OPNSFRLY, nCHGEN, and CHRATE are asserted. 
When the High voltage capacitor reaches the proper energy setting, the Defibrillator
processor de-asserts the signals nCHGEN, and CHRATE to stop the charge.
7-14
May 17, 2000 4:06 pm DRAFT



7KHRU\�RI�2SHUDWLRQ
3DWLHQW�&LUFXLW

t LC 

 
tual 
r is 
d. 
7Patient Circuit 

The patient circuit (shown in Figure 7-4) consists of the following components: 

• High voltage capacitor (35 µF, 5.1 kV) 

• Patient inductor/Ipeak Transformer (50 mH, 11 Ω) 

• Patient Relay (Double-pole, Double-throw Mechanical Relay)

• Coil Cords, Connectors, and Discharge Paddles

• Safety Relay (Single-pole, Single-throw Mechanical Relay)

• Patient Load (either a patient or the internal 50 Ω test load resistor) 

)LJXUH����

3DWLHQW�&LUFXLW�%ORFN�'LDJUDP� 7-4

The High voltage capacitor, Patient inductor, and patient load form a series-resonan
circuit with a critical damping load resistance of 63 Ω. For a nominal patient load of 50 Ω, 
the discharge waveform is a slightly underdamped sinusoidal waveform.

The High voltage capacitor is charged up by the High Voltage Charger to the voltage
required for any of the various energy settings, which range from 2 to 360 Joules (ac
voltage on the High voltage capacitor ranges from 325 V and 5300 V). This capacito
then discharged through the Patient inductor and the patient relay into the patient loa
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During a shock, the patient relay isolates the patient circuit and capacitor from one side of 
the pacer circuit to prevent the pacer from absorbing energy from the delivered pulse, and 
isolates the high voltage charger from the capacitor to protect the charger from reverse 
polarity during waveform undershoot. The waveform characteristics of the pulse delivered 
through resistive loads of 25, 50 and 100 ohms is shown in Figure 7-5 and Table 7-2.

The Patient inductor has a secondary winding that develops a voltage during discharge. 
This voltage is integrated and peak-detected on the high voltage board to determine the 
peak discharge current, Ipeak. The coil cords carry the discharge current to the paddles 
and patient load, and also carry control signals to and from the paddles. The coil cords 
contain shielding to lower the RFI sensitivity of the high voltage discharge wires so they 
can also be used as low-noise sensing wires for the paddles ECG circuit on the ECG front 
end board.

The Safety relay is in series with a 47 kΩ resistor and both are located on the high voltage 
board. This circuit slowly discharges the capacitor when its energy is not needed but still 
present (i.e. aborted shock). This circuit also bleeds off part of the charge if the user 
selects an energy setting, the defibrillator charges to that setting, and then the user selects 
a lower energy setting.

)LJXUH����

'DPSHG�6LQXVRLGDO�:DYHIRUP�3DUDPHWHUV� 7-5
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7ECG Front End Board 

Two separate and isolated front ends constitute the ECG front end board as shown in the 
block diagram in Figure 7-6. The first is a two-wire paddles ECG amplifier, and the 
second is a five-wire leads front end. The paddles front end operation is nearly identical to 
the leads front end operation. The design for both front ends is based on a Hewlett-
Packard custom front-end IC. The paddles front end also includes functions for paddles-
in-pocket and pre-shock impedance (also called paddles contact impedance or PCI).

7DEOH���� 6SHFLILFDWLRQV�IRU�'DPSHG�6LQXVRLGDO�2XWSXW�:DYHIRUPV

/RFDO�5HVLVWDQFH

:DYHIRUP�3DUDPHWHU ���2KPV ���2KPV ����2KPV�

,S��DPSHUHV� ��α ≥ ,S ≥ ��α ��α ≥ ,S ≥ ��α ��α ≥ ,S ≥ ��α

,U��DPSHUHV� ��α ≥ |,U_ ≥ ��� ��α ≥ |,U_ ≥ ��� ���α ≥ |,U_ ≥ ���

WU��PV� ���� ≥ WU ≥ ���� ���� ≥ WU ≥ ���� ���� ≥ WU ≥ ����

W����PV� ���� ≥ W�� ≥ ��� ���� ≥ W�� ≥ ���� ���� ≥ W�� ≥ ����

W����PV� ���� ≥ W�� ≥ ��� ���� ≥ W�� ≥ ���� ����� ≥ W�� ≥ ����

Ip Peak current of the waveform 
|Ir| Absolute value of the reverse current of the waveform 
α  and E is the selected energy that would be delivered to a 50-ohm 

resistive load
tr 10% to 90% risetime of the first lobe of the current waveform 
t50 Waveform width associated with the 50 percentage points of the first lobe 

of the current waveform 
t10 Waveform width associated with the 10 percentage points of the first lobe 

of the current waveform

E
360
---------
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(&*�)URQW�(QG�%ORFN�'LDJUDP 7-6

Both front ends communicate with the Digital Signal Processor (DSP) located on the 
control board. The DSP processes the digitized data from both front ends simultaneously 
and provides data to the monitor processor.

Power Supplies 

Each of the front ends has its own isolated power supply. The supply for the leads front 
end is enabled when the FELEN signal is true; the supply for the paddles front end is 
enabled when the FEPEN signal is true. A forward converter, which is clocked by 
FEPWRCLK, generates isolated power for the two front ends. The output of the converter 
is regulated to +5 volts. The supply also provides a 2.5-volt reference for use in biasing the 
front end IC.
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Leads Input Protection 

The leads are connected to the five input channels of the IC through a breakdown device 
(neon bulb) and a 2-pole LPF. The neon bulb is used as Defibrillator overload protection 
(current is limited by a 1 kΩ resistor in the lead set). The remaining voltage is dropped 
across 75 kΩ and the internal protection diodes of the IC.

Paddles Input Protection 

The paddles inputs are subjected to defibrillator shocks, and therefore are designed to 
meet 8 kV breakdown from paddle-to-paddle. 100 kΩ high-voltage resistors in series with 
the ECG input limit the current sufficiently to allow the input protection diodes on the 
front end IC to handle the current. As part of the pre- shock impedance path, series 
resistors and capacitors are also high voltage devices. External diode clamps are added to 
this path, routing current away from the front end IC.

Cal Pulse 

Internally generated signals allow for self-test and gain calibration.
A 1mV  200ms calibration pulse can be printed on the ECG strip by pressing both arrows 
on the key simulaneously.

Data Communication 

Clocks and data are transmitted through opto-isolators across the isolation boundary. Data 
transmitted to the front end IC include control parameters such as gain, Right Leg Drive 
lead, etc. Digitized ECG data and status information is transmitted from the front end IC 
to the DSP chip on the control board.

Pre-Discharge Impedance 

An indication of paddles contact is given on the bar graph located on the external paddles 
(PCI). Patient impedance (at 32 kHz) is measured by the paddles front end IC. This 
measured impedance value is used by the Defibrillator processor to determine the drive 
level to the PCI bar graph on the sternum paddle.

Paddles in Pocket 

To detect paddles in pocket, the paddles front end IC applies a signal to the center tap of 
the 50 Ω test load resistor (the center-tap is connected to the paddles front end through 
connector J63). If this signal is detected on the Vapex and Vsternum inputs, the front end 
IC signals that the paddles are in the pockets.

(&*�6L]H
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7CRT Deflection Board 

The CRT deflection board (shown in Figure 7-7) performs these functions: 

• Vertical deflection

• Horizontal deflection

• Video amplification

• CRT bias voltage generation

)LJXUH����

&57�$VVHPEO\�%ORFN�'LDJUDP� 7-7

Signals entering the CRT deflection board from the control board are GND, VSYNC,
VIDEO, CRT12V, and HSYNC.
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The CRT displays information using a raster pattern. Total usable raster area is 832 dots 
horizontal, 256 dots vertical. Table 7-3 lists the specifications for the CRT. 

Control signals to drive the CRT come from the CRT/Recorder gate array on the control 
board. Table 7-4 lists the control signal specifications: 

7DEOH���� &57�6SHFLILFDWLRQV

&KDUDFWHULVWLF 6SHFLILFDWLRQ�

6FUHHQ�6L]H� �����PP�'LDJRQDO�

'HIOHFWLRQ�0HWKRG� �0DJQHWLF�

'HIOHFWLRQ�$QJOHV� �'LDJRQDO������GHJUHHV�

�+RUL]RQWDO������GHJUHHV�

�9HUWLFDO������GHJUHHV�

3KRVSKRU� �3����<HOORZ�*UHHQ�

+HDWHU� ����P$�����9��W\SLFDO�

7DEOH���� &RQWURO�6LJQDO�6SHFLILFDWLRQV

9HUWLFDO�'HIOHFWLRQ

)UHTXHQF\� ������+]

3HULRG� ������PV

%ODQNLQJ�7LPH� �����PV

9HUWLFDO�6\QF� �����XV��$FWLYH�+LJK�

+RUL]RQWDO�'HIOHFWLRQ

)UHTXHQF\� ������N+]�

3HULRG� ������XV

%ODQNLQJ�7LPH� ������XV

+RUL]RQWDO�6\QF� ������XV��$FWLYH�/RZ�

9LGHR

'RW�7LPH� ����QV��$FWLYH�/RZ�
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Vertical Deflection 

Vertical deflection is accomplished by running a linear current ramp through the vertical 
coil on the CRT yoke. The Vertical Sync (VS) signal from the CRT controller generates 
the vertical deflection for the CRT.

Horizontal Deflection 

The Horizontal Sync (HS) and CRT bias voltages are generated when HS drives the 
flyback transformer, which provides supply voltages and horizontal deflection. Horizontal 
centering must be accomplished using the external magnets on the CRT yoke assembly. 
Horizontal width is adjusted with a series inductor, also built into the yoke assembly.

The following supply voltages are created for use in biasing the CRT: 

Video 

Two levels of video are presented to the CRT: full-bright and half-bright. Half- bright 
video is used for text, while full-bright video is used for ECG data. The beam is at full 
brightness when the video output to the CRT is 0 V, at half brightness when the video 
output is 4.3 V, and off when the video output is 28 V.

+28 V  Video amplifier and Vertical retrace 
-39 V  Intensity (adjustable)
300 V  Grid 2 bias 
300 V  Focus (adjustable) 
7.5 kV  Anode Voltage
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7Pacer Board 

The pacer consists of the circuits shown in Figure 7-8. The pacer board generates pacer 
output to these specifications 

)LJXUH����

3DFHU�%ORFN�'LDJUDP 7-8

Power Supply 

An isolated supply on the pacer board generates 5 and 12 V power (F+5V and FVcc, 
respectively) to run the pacer electronics, and the 120 V pacer voltage (Vpace). 

Pulse Control 

Pace pulse amplitude is set by a pulse width modulated signal from the System gate array. 
The duty cycle for the PWM signal is 13.5% to 90%, corresponding to a pulse amplitude 
from 10 mA to 200 mA respectively.

The pulse train from the System gate array is 20 ms long. When the pulse train starts, it 
begins the current pulse. When the pulse train ends, the current pulse will end.

Current Pulse 20 ms +0% -25%
Amplitude 10 mA to 200 mA, 10 mA to 50 mA: ±5 mA, 

50 mA to 200 mA: ±10% 
Rate 40 to 180 pulses-per-minute ±1% at each setting 
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Pacer Current 

Pacer current is measured and routed back to an A/D converter (internal to the 
Defibrillator processor). Then, delivered pacer current can be compared to the expected 
set current.

Patient Isolation 

The pacer is a patient connected device, therefore adequate patient isolation must exist for 
pacer circuitry. A high voltage isolation barrier is formed by a power transformer in the 
power supply, and opto-couplers in the pulse control and current measuring circuits.

7SpO2 Board

The arterial oxygen saturation measurement (SpO2) is based upon the principle of pulse 
oximetry, whereby arterial blood flow is detected optically though the tissue. As the blood 
becomes more heavily oxygenated the transmittance of red light increases. An algorithm 
comparing the transmittance of red and infra-red light provides an indication of oxygen 
saturation. The pulse oximeter circuit design eliminates the effects of absorption from 
tissue, bone, and venous blood by isolating the pulsatile component of the signal.

To measure the SpO2 level an adaptor is placed on the patient. The adaptor holds two 
LEDs. The LEDs emit red and infra-red light against one side of the patient’s finger (the 
nose or toe are other sites sometimes used). The adaptor holds a photo diode along the 
opposite side of the patient’s finger. The photo diode is able to register small changes in 
the transmittance of light through the finger. The adaptor containing the LEDs and the 
photo diode is referred to as the SpO2 sensor. The sensor is connected to the device via a 
cable and a connector.

The output from the sensor goes directly to the pulse oximeter parameter board (SpO2 
board). The SpO2 board is located next to the CodeMaster CRT and is connected to the 
main CodeMaster control board via the option connector slot. 

The SpO2 board is divided into two distinct circuits - electrically floating and electrically 
grounded. These circuits are connected by two high voltage optocouplers for data transfer, 
and a power transformer for power transfer to the floating circuit.

The hardware design is summarized in the block diagram in Figure 7-9.
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)LJXUH����

6S2��%RDUG�%ORFN�'LDJUDP 7-9

Floating Section

The function of the floating section is two fold. First, the floating section enables accurate 
reading of light transmittance by removing noise and compensating for ambient light in 
the pulse train. Second, the floating section drives the red and infra-red LEDs in the 
transducer cable.

The LEDs are driven and the photo diode signal is sampled in four discrete phases:
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1 Dark phase - During this phase neither red nor infra-red LEDs are lit and ambient light 
is measured.

2 Red phase - In the red phase the red LED is lit and the transmittance of the light 
through the finger is measured.

3 Infra-red phase - In the infra-red phase the infra-red LED is lit, and transmittance mea-
sured.

4 Pleth Phase - During this phase the infra-red LED is lit, and transmittance measured. 
This signal is used to drive the pulse indicator bar on the CodeMaster display.

Consecutive frames of these four phases are repeated 375 times per second. Both the 
lighting of the LEDs and the sampling of the signal from the photo diode is controlled 
by the microcontroller (U252).

Photo Amplifier

The photo amplifier (U102) converts current (output from the photo diode) to voltage. 
Low pass filtering for electrosurgical unit (ESU) filtering and noise reduction is also done 
in this stage.

Excessive Light Detection

A comparator (U104) monitors the output of the photo amplifier, checking for excessive 
light. Excessive light could cause amplifiers to operate in a non-linear range, giving 
erroneous readings.

Ambient Light Rejection

A two-pole high pass filter (C107, C108) rejects signals from ambient light.

Amplification

The op amp, U103A, is used as a variable gain amplifier. It amplifies the detected light 
signal to an optimal amplitude for the A/D converter. U103B applies additional gain and 
level shifting, centering the signal for the A/D converter.

Phase Separation - Dark Subtract Filter

A series of switched low pass filters (U106, C110 - C114) are used to separate the four 
phases of light (dark, red, infra-red, and pleth). The sequence of operation is software 
controlled. The four phase sequence is described as follows:

1 Dark phase The switch governing the dark capacitor (C110, C111) is closed. Switches 
governing the red, infra-red, and pleth capacitors (C112, C113, and C114 respectively) 
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are open. The dark capacitor is charged by the pulse resulting from the ambient light 
reading.

2 Red phase The switch governing the "Red" capacitor is closed. All other switches are 
open. Capacitor "Red" is charged by the pulse resulting from the red LED reading. The 
pulse received by amplifier U103B is equivalent to the value of (ambient light + red 
light) minus (ambient light).

3 Infra-red phase As (2) above, but using the "Infra-Red" capacitor.

4 Pleth phase As (3) above.

Multiplexer

A multiplexer (U101) is used to switch signals into the A/D converter. The signals are:

1 Received light signal.

2 Rcode1.

3 Rcode2.

Rcode1 and Rcode2 are resistors in the transducer. The voltage across these resistors is 
measured to determine that the transducer is properly connected, and the type of 
transducer connected.

A/D Converter

A sixteen bit successive approximation A/D converter is formed from a 16 bit DAC 
(U114), a comparator (U115), and a uP controller (U252).

LED Drivers

The LEDs are driven by a controlled current source (U110). The two functions provided 
by the LED driver are:

1 The LEDs must be lit in their correct sequence, to produce the four phases of the pulse 
frame.

2 The LEDs must be lit to an intensity that optimizes the signal to noise ratio of the 
received light signal.

An 8 bit DAC (U109) controls the LED driver (U110), using positive and negative pulses 
of 0 - 125mA, which trigger the red and infra-red LEDs respectively. The intensity of 
illumination is determined by the current of this triggering pulse.
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plers 
om 
Grounded Section

The grounded section of the SpO2 board is completely digital. It is essentially a dedicated 
microcomputer, and among other tasks, performs the following:

1 Communicates with the floating section through the two opto-isolators.

2 Calculation of the SpO2 saturation percentage and pulse rate.

3 Processes any error conditions (cable off, light interference, etc.)

4 Communicates with the main CPU board in CodeMaster via the option slot on the con-
trol board.

Dedicated timer circuits control the timing of events. In addition, the signals from the 
front panel keys SpO2 ON and SpO2 ALARM are routed through the SpO2 board to the 
Control board.

Microprocessor System

The processor is a Hitachi 6303, using external RAM and ROM. The processor runs on a 
2mS cycle, which is controlled by the timer circuits (U19 and U20). Once every 20mS the 
processor writes data to the Dual Port Ram (U8).

Communication

An interrupt is generated every 20mS, indicating to the Control that board data is available 
to be read. At this time, the switch buffer (U7) is read to check for any key presses, and 
SpO2 data (SpO2%, PR, error conditions) are read from the dual port RAM.

Power Supply

The power supply is designed to provide isolated power to the floating circuitry. The 
circuit is a fly back topology, with feedback though an opto isolator (U54) to control the 
pulse with modulator. The transformer includes taps to generate ±12V and ±6V. In 
addition, linear regulators exist on the floating side to generate +5V and -5.2V.

Patient Isolation

To ensure the safety of the patient the applied part is isolated from ground by optocou
and a transformer. In addition, a mylar shield is used to isolate the floating circuitry fr
the CRT frame.
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7Recorder Interface Board 

The Recorder Interface board provides power and control signals from the CRT/Recorder 
gate array to the printhead and motor.

The printhead control signals pass through the board to the printhead. These signals 
provide the data, clock (4 MHz), latch, and strobe for the printhead. Other signals provide 
status of the printhead to the gate array such as printhead temperature and resistance, 
which are required for print quality. An optical sensor in the recorder provides the status of 
the recorder door and recorder paper (if the door is open or the paper is out the CHECK 
RECORDER message appears on the monitor).

7Keypanel Boards 

The main keypanel board and the pacer keypanel board contain the push-button switches 
and LED indicators that provide the hardware user interface. The Energy Select switch 
connects to the main keypanel board.
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7Defibrillator-Pacer Patient Connections 

The defibrillator provides support for the following methods of delivering defibrillation or 
pacing energies to the patient: 

• Standard External Paddles 

• Internal Paddles

• External Adhesive Pads 

Standard External Paddles 

The Standard External Paddle Set combines Adult and Pediatric defibrillation electro
surfaces in one paddle design. The Sternum paddle has a Paddle Contact Indicator 
standard on the XL+, optional on the XL), and a Shock button. The Apex paddle has
CHARGE INITIATION button, a CHARGE DONE LED, and a Shock button.

The defibrillator determines paddle type by measuring the voltage on the CHDONE 
control line. The voltage range for a valid External Paddle Set is 0.5 - 3.0 volts. The S
switches pull their respective lines (nDischarge Sternum, nDischarge Apex) to logic 
ground when pressed. Single fault tolerance is maintained throughout the discharge
control path for operator safety. The Charge switch pulls the nCharge line low when 
pressed.

Internal Paddles 

The Internal Paddles are connected to the defibrillator using a connector on the inter
paddles adaptor cable. There are no shock control switches on the Internal Paddles
themselves. The defibrillator is discharged by pressing two shock buttons located on
defibrillator connector housing.

The defibrillator determines paddle type by measuring the voltage on the CHDONE 
control line. The voltage for a valid Internal Paddle Set is less than 0.5 Volts.

External Adhesive Pads 

The External Adhesive Pads are connected to the defibrillator using an auxiliary conn
on the pads adaptor cable. External Pacing and Defibrillation can be performed throu
this connection. The defibrillator is discharged by pressing two shock buttons located
the defibrillator connector housing.

The defibrillator determines paddle type by measuring the voltage on the CHDONE 
control line. The voltage range for a valid external adhesive Pads adaptor is 3.0 - 4.0
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HAppendix A   Connector Pin Assignments
e high 

n their 
The tables in this appendix list the pin assignments for each connector on assemblies 
in the instrument. Following each table is a dictionary of the signal names listed in the 
table. Some signal names begin with a letter that indicates the signal type: 

Refer to Figure H-1 to see how the assemblies interconnect. Pin assignments are 
given for these assemblies:

• Control board 
• Front end board
• ECG Out connector 
• QRS volume control 
• Defibrillator connector 
• Keypanel board 
• Pacer keypanel board 
• Pacer board 
• Power supply board 
• High voltage board 
• Patient inductor 
• CRT deflection board 
• SpO2 board
• Recorder interface board 
• Battery board 
• Battery 
• HV capacitor 
• Patient relay 
• 50-ohm load 
• ECG In connector 
• AC line module 
• Energy Select switch 
• Beeper

c Connector signals. These have been conditioned for EMI purposes. 
f Filtered signals. These signals have been low-pass filtered to minimize th

frequency components that they would otherwise contain. 
n Active low signal. 
p Pulsed signals (except clock signals, which usually have ‘clk' embedded i

names.) 
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
8Control Board Connectors 

Refer to Figure H-1 for the control board connector locations. Connectors on the 
control board are listed in Table H-1.

7DEOH�+�� &RQWURO�%RDUG�&RQQHFWLRQV

&RQWURO
%RDUG

9LD�&DEOH�$VVHPEO\ &RQQHFWV�7R 5HIHUHQFH�

-� �0����������� �3DFHU�NH\SDQHO�ERDUG �7DEOH�+���

-� �0����������� �)URQW�HQG�ERDUG �7DEOH�+���

-� �0����������� �(&*�2XW�FRQQHFWRU �7DEOH�+���

-� �0����������� �456�YROXPH�FRQWURO �7DEOH�+���

-� S�R�0���������� �'HILEULOODWRU�FRQQHFWRU �7DEOH�+���

-� �0����������� �.H\SDQHO�ERDUG �7DEOH�+���

-� �0����������� �3DFHU�ERDUG �7DEOH�+���

-� �0����������� �3RZHU�VXSSO\�ERDUG �7DEOH�+���

-� �0����������� �+LJK�YROWDJH�ERDUG �7DEOH�+����

-�� S�R�0���������� �3DWLHQW�LQGXFWRU �7DEOH�+����

-�� �0���������� �&57�GHIOHFWLRQ�ERDUG �7DEOH�+����

-�� 0���������� 6S2��ERDUG 7DEOH�+���

-�� �0���������� �5HFRUGHU�LQWHUIDFH�ERDUG �7DEOH�+����

-�� 0���������� %HHSHU �

7DEOH�+�� &RQWURO�%RDUG�-��WR�3DFHU�.H\SDQHO�%RDUG�-��

3LQ 6LJQDO�

��� �*5281'���

��� �Q3212))�

��� �3$&21/('�

��� �Q302'(���

��� �Q3$&35(6�

��� �Q35$7(,1&�

��� �Q35$7('(&�
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Each pin on the control board J1 connects to a pin with the same number on the pacer 
keypanel board J1. 

��� �Q3&85,1&�

��� �Q3&85'(&�

��� �Q3676723�

7DEOH�+�� &RQWURO�%RDUG�-��WR�3DFHU�.H\SDQHO�%RDUG�-��

3LQ 6LJQDO�

127(

Signal Definition

nPONOFF Pacer On/Off.

PACONLED
Pacer On LED. Drives the  LED on the pacer keypanel. 

The LED is on when the pacer function is turned on.

nPMODE Pacer Mode. 

nPACPRES Pacer Present. 

nPRATEINC Pacer Rate Increase. 

nPRATEDEC Pacer Rate Decrease.

nPCURINC Pacer Current Increase.

nPCURDEC Pacer Current Decrease.

nPSTSTOP Pacer Start Stop. 

3DFHU�2Q

7DEOH�+�� &RQWURO�%RDUG�-��WR�)URQW�(QG�%RDUG�-�

3LQ 6LJQDO�

�� �&*1'���

�� �Q)(6(13�

�� �Q)(6(1/�

�� �)(6,�

�� �)(62�

�� �)(3(1�

�� �)(/(1�
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Each pin on the control board J2 connects to a pin with the same number on the front 
end board J2. 

�� �)(6&/.,�

�� �*1'�

��� �)(&+3&/.�

��� �)(�9�

��� �)(3:5&/.�

7DEOH�+�� &RQWURO�%RDUG�-��WR�)URQW�(QG�%RDUG�-�

3LQ 6LJQDO�

127(

Signal Definition 

nFESENP ECG Front End Serial Enable Paddles. 

nFESENL ECG Front End Serial Enable Leads.

FESI Front End Serial Data Input.

FESO Front End Serial Data Output.

FEPEN Front End Paddles Enable.

FELEN Front End Leads Enable.

FESCLKI Front End Serial Clock Input.

FECHPCLK Front End Chip Clock. Clock supplied to the ECG ASIC (2.048 MHz). 

FE5V 5V to front end board. 

FEPWRCLK Front End Power Clock. The switching frequency of the front end 
power supplies (32 kHz). 

7DEOH�+�� &RQWURO�%RDUG�-��WR�(&*�2XW�&RQQHFWRU

3LQ 6LJQDO�

��� �(&*6+,(/'��FRQQHFWV�WR�VOHHYH��

��� �(&*287��FRQQHFWV�WR�WLS��

��� �,167$7(��FRQQHFWV�WR�ULQJ��
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
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Each pin on the control board J5 connects to a pin with the same number on the 
defibrillator connector J1. 

Signal Definition

ECGSHIELD Connects to the shield of the ECG Out cable. 

ECGOUT ECG Out signal; 1V/1mV of the monitored source. 

INSTATE Instrument State. Indicates leads status: 0V = Off; 1.5V = On and 
Leads Off; 5V = On and Leads On. 

7DEOH�+�� &RQWURO�%RDUG�-��WR�456�9ROXPH�&RQWURO

3LQ 6LJQDO

� *5281'��FRQQHFWV�WR�JURXQG�

� 456&17/��FRQQHFWV�WR�ZLSHU�

Signal Definition

QRSCNTL Used to set the volume level of the QRS tone.

7DEOH�+�� &RQWURO�%RDUG�-��WR�'HILEULOODWRU�&RQQHFWRU�-�

3LQ 6LJQDO

�� �Q3$'&+*�

�� �Q',6&+*$�

�� �&+'21(/('�

�� �*1'�

�� �3$'�9�

�� �&*1'�

�� �3&,'59�

�� �Q',6&+*6�

127(

Signal Definition

nPADCHG Paddles Charge. Signal generated by the paddles charge button—
active low. Initiates a charge operation. 
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
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nDISCHGA Discharge Apex. A signal asserted when the apex paddle shock button 
is pressed.

CHDONELED This signal is used for paddle type identification and it lights the 
Charge Done LED in the apex paddle.

PAD5V 5V supply for the paddles.

PCIDRV This signal drives the PCI LED bar graph on the sternum paddle. 

nDISCHGS Discharge Sternum. A signal asserted when the sternum paddle shock 
button in pressed. 

Signal Definition

7DEOH�+�� &RQWURO�%RDUG�-��WR�.H\SDQHO�%RDUG�$�

3LQ 6LJQDO �3LQ 6LJQDO�

��� �*1'��������� ���� �&+'/('�

��� �Q&+$5*(.(<� ���� �+:,'�

��� �Q6<1&'(),%� ���� �Q37$.(<�

��� �Q35,176723� ���� �6<1&/('�

��� �Q0$5.(<����� ���� �Q+,67.(<�

��� �Q/($'6.(<��� ���� �&*5281'�

��� �Q5(9,(:.(<� ���� �1�&�

��� �Q$/$50.(<��� ���� �(16(/����

��� �Q$&21/('���� ���� �(16(/����

���� �%&+*/('���� ���� �(16(/����

���� �*1'�������� ���� �(16(/����

���� �Q(&*,1&���� ���� �Q21�

���� �Q(&*'(&���� ���� �*1'�
A-7

May 22, 2000 11:07 am DRAFT



$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV

. 

s 

 

. 
Each pin on the control board J6 connects to a pin with the same number on the 
keypanel board a1.

127(

Signal Definition

nCHARGE 
KEY

A signal generated by the  key on the keypanel—active low

Initiates a charge operation. 

nSYNCDEFIB
A signal generated by the  key on the keypanel—active low. 

Toggles between sync and defib operation modes.

nPRINTSTOP
A signal generated by the  key—active low. Starts and stop

the recorder.

nMARKEY
A signal generated by the  key—active low. Prints a mark. 

nLEADSKEY
A signal generated by the  key—active low. Selects the 

active lead. 

nREVIEW 
KEY

A signal generated by the  key—active low. Left side of 

key. 

nALARMKEY
A signal generated by the  key—active low. Controls HR 

Alarm functions. 

nACONLED AC On LED. Lights when unit is plugged into AC power. 

BCHGLED Battery Charge LED. Lights when unit is plugged into AC power and
battery is installed. 

nECGINC
A signal generated by the  key—active low. Left side of 

key. 

nECGDEC
A signal generated by the  key—active low. Right side of 

key. 

CHDLED Charge Done LED. Lights the Charge Done LED in the apex paddle

nPTAKEY Reserved. 

SYNCLED
This signal lights the  LED when the unit is in sync mode. 

Asserted high. 

&KDUJH

6\QF

5HFRUG

0DUN

/HDG�6HOHFW

��5HYLHZ

+5�$ODUP

(&*�6L]H

(&*�6L]H

6\QF
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nHISTKEY
A signal generated by the  key—active low. Right side of 

 key. 

ENSEL(0), (1), 
(2), (3)

Energy Select. Four key bits set by the Energy Select control, which
selects the charge level. 

nON This signal turns the instrument on—asserted low. 

Signal Definition

5HYLHZ��

��5HYLHZ��
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
Each pin on the control board J7 connects to a pin with the same number on the pacer 
board J1. 

7DEOH�+�� &RQWURO�%RDUG�-��WR�3DFHU�%RDUG�-�

3LQ 6LJQDO�

��� �3$&(1�

��� �3$&&85�

��� �3$&0(6�

��� �*5281'�

��� �3$&6<1&/.�

��� �+&9'&�

��� �+&5(7�

127(

Signal Definition 

PACEN Pacer Enable. Enables power to the pacer. 

PACCUR Pacer Current. Sets pacer output current. 

PACMES Pacer Measurement. Output current measured by the pacer and 
returned to the defibrillator controller. 

PACSYNCLK Pacer Synchronous Clock. Synchronizes the pacer switching power 
supply to an even multiple of the ECG sample rate (96 kHz). 

HCVDC High Current VDC (VDC+). Supplies primary power to the pacer. 

HCRET High Current Return (VDC–). Return for HCVDC. 

7DEOH�+�� &RQWURO�%RDUG�-��WR�3RZHU�6XSSO\�%RDUG�-�%

3LQ 6LJQDO �3LQ 6LJQDO�

��� +&5(7���� ��� Q3621�

��� 351��9��� ���� 9'&��

��� *5281'��� ���� 6:$'5,9(�

��� ��9������ ���� +&9'&�

��� �9������� ���� +&5(7�

��� *1'������ ���� +&9'&�
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
Each pin on the control board J8 connects to a pin with the same number on the power 
supply board J2B.

��� 366<1&/.� ���� +&5(7�

��� $&21�

7DEOH�+�� &RQWURO�%RDUG�-��WR�3RZHU�6XSSO\�%RDUG�-�%

3LQ 6LJQDO �3LQ 6LJQDO�

127(

Signal Definition 

HCRET Dedicated return lines for HCVDC. 

PRN12V Recorder 12 volt supply. Powers the stepper motor. 

PSSYNCLK Power supply synchronizing clock (96 kHz).

ACON Indicates that the supply is plugged into AC power. 

nPSON Active low. Enables the DC/DC converter (+5V and +12V). 

VDC2 A more filtered version of VDC for use in powering up start-up logic 
and static RAM. ORed with VBATT to form VBACKUP. 

SWADRIVE Controls Switch A; when asserted (high), switch A is closed. 

HCVDC High current VDC supply for recorder and pacer. 

HCRET High current return lines for HCVDC. 
A-12
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
Each pin on the control board J9 connects to a pin with the same number on the high 
voltage board J2. 

7DEOH�+��� &RQWURO�%RDUG�-��WR�+LJK�9ROWDJH�%RDUG�-�

3LQ 6LJQDO �3LQ 6LJQDO�

��� �+9',6&+��� ��� �48$/$&21�

��� �'()%67$7� ��� �9&$3�

��� �665<������ ���� �$*5281'�

��� �Q&+*(1���� ���� �9%$77�

��� �$*5281'��� ���� �35'59�

��� �$*5281'��� ���� �Q%$735(6�

��� �2316)5/<� ���� �&+5$7(�

127(

Signal Definition 

HVDISCH High Voltage Discharge. Logical NOR of nDICCH and nDISCHS. 

DEFBSTAT Defibrillator Status. A signal generated by the high voltage board to 
provide patient relay status. 

SSRY Reserved. 

nCHGEN Charge Enable. A signal asserted by the system gate array to initiate a 
charge cycle. Used in conjunction with CHRATE. 

OPNSFRLY Open Safety Relay. A signal asserted by the system gate array which 
removes the 47 kΩ safety resistor which is normally across the HV 
capacitor. 

QUALACON AC On logic signal which is active only when +5V is present. 

VCAP Voltage CAPacitor. The capacitor voltage that is sampled to monitor 
the energy present across the HV capacitor. 

VBATT Battery voltage. 

PRDRV Asserted by the system gate array to close patient relay, connecting the 
patient to the high voltage capacitor. Qualified with HVDISCH on the 
HV board. 

nBATPRES Battery Present signal. When battery is installed, this line is low. 

CHRATE Charge Rate. An analog signal used to set the charge rate. Used with 
CHGEN to initiate a charge cycle. 
A-14
May 22, 2000 11:07 am DRAFT



$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
7DEOH�+��� &RQWURO�%RDUG�-���WR�3DWLHQW�,QGXFWRU

7DEOH�+��� &RQWURO�%RDUG�-���WR�&57�'HIOHFWLRQ�%RDUG�-�

Each pin on the control board J11 connects to a pin with the same number on the CRT 
deflection board J1.

3LQ 6LJQDO�

��� �,3($.�9�

��� �,3($.�

Signal Definition 

IPEAK5V 5 volt supply to the IPeak transformer. 

IPEAK IPeak measurement signal from the IPeak transformer. 

3LQ 6LJQDO�

��� �*1'�

��� �96<1&�

��� �*1'�

��� �)%9,'(2�

��� �*1'�

��� �+%9,'(2�

��� �*1'�

��� �+6<1&�

��� �&57��9�

���� �&57��9�

127(

Signal Definition 

VSYNC Vertical Sync signal. 

FBVIDEO Full Bright Video signal. 

HBVIDEO Half Bright Video signal.

HSYNC Horizontal Sync signal. 

CRT12V 12 volt supply for the CRT. 
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
7DEOH�+��� &RQWURO�%RDUG�-���WR�6S2��%RDUG�3�

Each pin on the control board J12 connects to a pin with the same number on the 
SpO2 board P1.

3LQ 6LJQDO �3LQ 6LJQDO�

��� �*1'����� ���� �Q0:5�

��� �2$'���� ���� �*1'�

��� �2$'���� ���� �&*1'�

��� �*1'����� ���� �*1'�

��� �2$'���� ���� �Q2375'<�

��� �2$'���� ���� �*1'�

��� �*1'����� ���� �Q237,17��

��� �2$'���� ���� �Q237,17��

��� �2$'���� ���� �Q237,17��

���� �*1'����� ���� ��',*%$&.83�

���� �2$'���� ���� �Q2376(/��

���� �2$'���� ���� ���9�

���� �*1'����� ���� �Q2376(/��

���� �20$/(��� ���� ����9�

���� �*1'����� ���� �Q2376(/��

���� �Q05'���� ���� �Q(5$:567�

���� �*1'����� ���� �Q3567�

127(

Signal Definition 

OAD(0), (1), 
(2), (3), (4), (5), 
(6), (7) 

Monitor address data bus lower 8 bits. 

OMALE Monitor Address Latch Enable. 

nMRD Monitor Read Strobe. 

nMWR Monitor Write Strobe. 

nOPTRDY Option Ready Signal. 
A-16
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
nOPTINT0, 
nOPTINT1, 
nOPTINT2

Interrupt signals from options 0, 1, and 2. 

+DIGBACKUP DIGital BACKUP. A 4.3V low current regulated supply for powering 
battery backed-up logic on the SpO2 board. 

nOPTSEL0, 
nOPTSEL1, 
nOPTSEL2

Option Select. 

nERAWRST Raw Reset. A reset signal from the control board to the option slot. 

nPRST Reset. A monitor processor-controlled reset signal.

Signal Definition 
A-17

May 22, 2000 11:07 am DRAFT



$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&RQWURO�%RDUG�&RQQHFWRUV
Each pin on the control board J13 connects to a pin with the same number on the 
recorder interface board J1.

7DEOH�+��� &RQWURO�%RDUG�-���WR�5HFRUGHU�,QWHUIDFH�%RDUG�-�

3LQ 6LJQDO 3LQ 6LJQDO�

��� �351��9��� ���� �Q3+/$7�

��� �+&5(7���� ���� �Q3$3287�

��� �351��9��� ���� �76(16(�

��� �+&5(7���� ���� �6:3519'&�

��� �0753+���� ���� �+&5(7�

��� �0753+���� ���� �6:3519'&�

��� �0753+���� ���� �+&5(7�

��� �0753+���� ���� �6:3519'&�

��� �351�9���� ���� �+&5(7�

���� �*1'����� ���� �6:3519'&�

���� �3&/.���� ���� �+&5(7�

���� �3'$7$��� ���� �&$/�

���� �Q3+67%� ���� �&*1'�

127(

Signal Definition 

PRN12V Printer +12 volts. Used to power the stepper motor. 

HCRET High Current Return. 

MTRPH0, 1, 2, 
3

Stepper motor phase 0,1,2,3. 

PRN5V Supplies logic power to the recorder.

PCLK Printer clock. Clocks data to the printhead. 

PDATA Printer data. 

nPHSTB Printhead Strobe. Enables the printhead dot printing. Duration of the 
strobe is controlled to compensate for printhead temperature and volt-
age. 

nPHLAT Printhead latch. Latches a column data of data into the printhead. 

nPAPOUT Paper Out. Conditioned signal that indicates the paper out condition. 
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
)URQW�(QG�%RDUG
8Front End Board 

These tables list the pin assignments for the connectors on the front end board. The 
connectors and the assemblies they connect to are listed in Table H-15; other tables 
list connector pin assignments.

TSENSE Temperature SENSE. An analog signal generated by a temperature 
sensor on the recorder; varies the duty cycle for the printhead write. 

SWPRNVDC Switched printer VDC. A switched version of the VDC supply. 

CAL A voltage that encodes the printhead resistance; used to set the duty 
cycle for printhead writes. 

Signal Definition 

7DEOH�+��� )URQW�(QG�%RDUG�&RQQHFWLRQV

)URQW�(QG
&RQQHFWRU

9LD�&DEOH�
$VVHPEO\

&RQQHFWV�7R 5HIHUHQFH�

-�� �0����������� �(&*�,Q�FRQQHFWRU����SLQ����������������� �7DEOH�+����

-�� �0����������� �(&*�,Q�FRQQHFWRU����SLQ��RSWLRQ�-������� �7DEOH�+����

-�� �0����������� �(&*�,Q�FRQQHFWRU�����SLQ��RSWLRQ�-������� �7DEOH�+����

-�� �0����������� �&RQWURO�ERDUG��������������������������� �7DEOH�+���

-��� S�R�0����������� �'HILEULOODWRU�FRQQHFWRU�DQG�SDWLHQW�UHOD\� �7DEOH�+����

-��� S�R�0����������� �'HILEULOODWRU�FRQQHFWRU�DQG�SDWLHQW�UHOD\� �7DEOH�+����

-��� S�R�0����������� ���²RKP�ORDG������������������������ �7DEOH�+����

-��� S�R�0����������� �3DFHU�ERDUG������������������������������� �7DEOH�+����
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
)URQW�(QG�%RDUG
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
)URQW�(QG�%RDUG
7DEOH�+��� )URQW�(QG�%RDUG�-��WR�(&*�,Q�&RQQHFWRU����SLQ�(&*�

)URQW�(QG�%RDUG�-� �(&*�,Q�&RQQHFWRU�

3LQ 6LJQDO �3LQ 6LJQDO�

��� �/5()�������������� �������� �6KLHOG�

��� �5$���������������� �������� �5$�

��� �//���������������� �������� �//�

��� �/$���������������� �������� �/$�

��� �9����������������� �������� �&KHVW����ZLUH��

��� �5/���������������� �������� �5/����ZLUH��

��� �/5()��&DEOH�6KLHOG��

7DEOH�+��� )URQW�(QG�%RDUG�-��WR�(&*�,Q�&RQQHFWRU����SLQ�(&*�

)URQW�(QG�%RDUG�-� �(&*�,Q�&RQQHFWRU�

3LQ 6LJQDO �3LQ 6LJQDO

��� �&DEOH�6KLHOG������ �1�&���� �6KLHOG�

��� �5$���������������� �$������ �5$�

��� �//���������������� �&������ �//�

��� �/$���������������� �%������ �/$�

��� �9����������������� �'������ �&KHVW����ZLUH��

��� �5/���������������� �(������ �5/����ZLUH��

��� �/5()�������������� �)������ �/5()�
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
)URQW�(QG�%RDUG
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
)URQW�(QG�%RDUG
7DEOH�+��� )URQW�(QG�%RDUG�-��WR�(&*�,Q�&RQQHFWRU�����SLQ�(&*�

)URQW�(QG�%RDUG�-� �(&*�,Q�&RQQHFWRU

3LQ 6LJQDO �3LQ 6LJQDO�

��� �FDEOH�6KLHOG������ �1�&���� �6KLHOG�

��� �5$���������������� �������� �5$�

��� �//���������������� �������� �//�

��� �/$���������������� �������� �/$�

��� �9����������������� �������� �&KHVW����ZLUH��

��� �5/���������������� �������� �5/����ZLUH��

��� �/5()�������������� �&������ �/5()�

Signal Definition 

RA Right Arm. 

LL Left Leg. 

LA Left Arm. 

V Chest 

RL Right Leg. 

7DEOH�+��� )URQW�(QG�%RDUG�-����-����-����-����-��

)URQW�(QG�%RDUG
�&RQQHFWV�7R

3LQ 6LJQDO

�-��$� �67(5180����+9�5('�� �'HILEULOODWRU�FRQQHFWRU��-��6��+,�92/7$*(³67(5180�

�-��%� �67(5180����+9�5('�� �3DWLHQW�UHOD\��287387����&20021����

�-��$� �$3(;����+9�:+,7(���� 'HILEULOODWRU�FRQQHFWRU��-��$��+,�92/7$*(³$3(;�

�-��%� �$3(;����+9�:+,7(�� 3DWLHQW�UHOD\��287387����1�2�����

�-��� �3$',132&.(76��+9�%/$&.�� ��²RKP�ORDG��7$3��SDGGOHV�LQ�SRFNHW�GHWHFWLRQ��

�-��� �3$&(5��+9�:+,7(�� �3DFHU�ERDUG��3����3$&(5�5(7851��+9�:+,7(��
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
(&*�2XW�&RQQHFWRU
8ECG Out Connector 

The ECG Out connector connects to J3 on the control board. See Table H-4 for pin 
assignments.

8QRS Volume Control 

The QRS volume control connects to J4 on the control board. See Table H-5 for pin 
assignments.

8Defibrillator Connector 

The defibrillator connector connects to the control board and the front end board. 
Table H-20 lists connector pin assignments.

7DEOH�+��� 'HILEULOODWRU�&RQQHFWRU�-�

)URP�'HILEULOODWRU�&RQQHFWRU �7R�&RQWURO�%RDUG

3LQ 6LJQDO� �3LQ 6LJQDO�

��� �Q&+$5*(�������������� ����������������� �Q3$'&+*�

��� �&+'21(�3$','��������� ����������������� �Q',6&+*$�

��� ���9������������������ ����������������� �&+'21(/('�

��� �3&,������������������ ����������������� �*1'�

��� �Q',6&+$5*(�$3(;������ ����������������� �3$'6�9�

��� �/2*,&�*1'������������ ����������������� �&*1'�

��� �6+,(/'�*1'����������� ����������������� �3&,'59�

��� �Q',6&+$5*(�67(5180��� ����������������� �Q',6&+*6�

)URP�'HILEULOODWRU�&RQQHFWRU �7R�)URQW�(QG�%RDUG

�$� �+,�92/7$*(���$3(;���� �-��$��+9�:+,7(�� �$3(;���

�6� �+,�92/7$*(���67(5180� �-��$��+9�5('���� �67(5180���
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
'HILEULOODWRU�&RQQHFWRU
Signal Definition 

nCHARGE Apex paddle charge button. Charge is asserted low. 

CHDONE/
PADID

Voltage level indicates the type of paddles connected to the instrument. 
Also used to light the apex paddle charge done LED.

PCI Patient contact impedance. A voltage which turns on a specific num-
ber of LEDs on the sternum PCI LED bar. 

nDISCHARGE 
APEX

A signal asserted when the apex paddle shock button is pressed. 

nDISCHARGE 
STERNUM

A signal asserted when the sternum paddle shock button is pressed. 

HI VOLTAGE - 
APEX

Connects the apex paddle (pad) to the output (-) side of the patient 
(transfer) relay and to pacer (-) terminal (if the pacer is installed). 

HI VOLTAGE - 
STERNUM

Connects the sternum paddle (pad) to the output (+) side of the patient 
(transfer) relay and to the pacer (+) terminal if the pacer is installed. 
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
.H\SDQHO�%RDUG
8Keypanel Board 

These tables list the pin assignments for the connectors on the keypanel board. The 
connectors and the assemblies they connect to are listed in Table H-21; Table H-22 
lists connector pin assignments for J1.

7DEOH�+��� .H\SDQHO�%RDUG�&RQQHFWLRQV

.H\SDQHO�%RDUG
&RQQHFWRU

9LD�&DEOH�$VVHPEO\ &RQQHFWV�7R 5HIHUHQFH�

$�� S�R�0����������� &RQWURO�ERDUG��-���� 7DEOH�+���

-�� 0���������� (QHUJ\�6HOHFW�VZLWFK� 7DEOH�+���

-� 0���������� 6S2��ERDUG��3� 7DEOH�+���

7DEOH�+��� .H\SDQHO�%RDUG�-��WR�(QHUJ\�6HOHFW�6ZLWFK

3LQ 6LJQDO�

��� �1�&������������

��� �(16(/����������

��� �*1'������������

��� �(16(/����������

��� �Q21������������

��� �(16(/����

��� �(16(/����

��� �1�&

Signal Definition 

ENSEL(0), (1), 
(2), (3)

ENergy SELect. Four key bits set by the Energy Select control, which 
selects the charge level, or the monitor on position. 

nON Asserted low on all switch positions except the standby position. Turns 
the instrument on.
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
3DFHU�.H\SDQHO�%RDUG
8Pacer Keypanel Board 

The pacer keypanel board J1 connects to the control board, J1. See Table H-2 for pin 
assignments.

8Pacer Board 

These tables list the pin assignments for the connectors on the pacer board. The 
connectors and the assemblies they connect to are listed in Table H-24; Table H-25 
lists connector pin assignments for J51 and P51.

7DEOH�+��� .H\SDQHO�%RDUG�-��WR�6S2��%RDUG�3�

3LQ 6LJQDO

� Q212)).(<

� Q$/50.(<

Signal Definition

nONOFFKEY SpO2 On/Off key

nALRMKEY SpO2 Alarm key

7DEOH�+��� 3DFHU�%RDUG�&RQQHFWLRQV

3DFHU�%RDUG�
&RQQHFWRU

9LD�&DEOH�$VVHPEO\�RU�
:LUH

&RQQHFWV�7R 5HIHUHQFH�

-�� �0����������� �&RQWURO�ERDUG��-����� �7DEOH�+���

-��� �+9�5('������ �3DWLHQW�UHOD\��LVRODWHG�� �7DEOH�+����

3��� �+9�:+,7(���� �)URQW�HQG�ERDUG��,VRODWHG�� �7DEOH�+����
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
3RZHU�6XSSO\�%RDUG
8Power Supply Board 

These tables list the pin assignments for the connectors on the power supply board. 
The connectors and the assemblies they connect to are listed in Table H-26; Table H-
27 and Table H-28 list connector pin assignments for J2A and J2B.

7DEOH�+��� 3DFHU�%RDUG�-����3��

3LQ 6LJQDO &RQQHFWLRQ 6LJQDO�

�-��� �3$&(5��������������������� �3DWLHQW�UHOD\���1�&����� ���3$&(5�

�3��� �3$&(5�571��:+,7(�+9�:,5(�� �)URQW�HQG�ERDUG��-��� �3$&(5�

Signal Definition

PACER + Positive polarity of pacer output.

PACER RTN Pacer output return. 

7DEOH�+��� 3RZHU�6XSSO\�%RDUG�&RQQHFWLRQV

3RZHU�6XSSO\�
&RQQHFWRU

9LD�&DEOH�$VVHPEO\ &RQQHFWV�7R 5HIHUHQFH�

-�� �0����������� �$&�LQSXW�FDEOH� 7DEOH�+����

-�$� �0����������� �+LJK�YROWDJH�ERDUG��-�� �7DEOH�+����

-�%� �0����������� �&RQWURO�ERDUG��-�� �7DEOH�+���

7DEOH�+��� 3RZHU�6XSSO\�-��WR�$&�,QSXW�&DEOH

3LQ 6LJQDO�

��� �/2:�/,1(��%52:1��

��� �,0$*(�3/$1(��&DEOH�VKLHOG���DOVR�FRQQHFWV�WR�9'&�5(71��*5281'��DQG�<&$36��

��� �+,*+�/,1(��%/8(��
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
3RZHU�6XSSO\�%RDUG
A green/yellow wire from the AC line module connects to the IEC ground lug on the 
defibrillator rear panel.

127(
A-30
May 22, 2000 11:07 am DRAFT



$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
3RZHU�6XSSO\�%RDUG
J2A, pins 1 through 5 are not used.

7DEOH�+��� 3RZHU�6XSSO\�-�$�WR�+LJK�9ROWDJH�%RDUG�-�

3RZHU�6XSSO\�%RDUG�-�$ �+LJK�9ROWDJH�%RDUG�-�

3LQ 6LJQDO �3LQ 6LJQDO�

��� ����5����� ���� ����%�

��� ����5�571� ��� �$*5281'�

��� �9%$77���� ��� �9%$77�

��� �9%$77���� ��� �9%$77�

��� �*5281'��� ��� �$*5281'�

��� �9%$77���� ��� �9%$77�

��� �9'&������ ��� �9'&�

��� �9'&�571� ��� �$*5281'�

��� �9'&������ ��� �9'&�

��� �9'&������ ��� �9'&

127(

Signal Definition 

12R 12 volt supply

12R RTN 12 volt supply return. 

VBATT Battery voltage 

VDC AC/DC converter voltage
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
+LJK�9ROWDJH�%RDUG
8High Voltage Board 

These tables list the pin assignments for the connectors on the high voltage board. 
The connectors and the assemblies they connect to are listed in Table H-29; Table H-
30 and Table H-31 list connector pin assignments.

7DEOH�+��� +LJK�9ROWDJH�%RDUG�&RQQHFWLRQV

+LJK�
9ROWDJH�
%RDUG

9LD�&DEOH�
$VVHPEO\

&RQQHFWV�7R 5HIHUHQFH�

-�� �0����������� �3RZHU�VXSSO\�ERDUG��-�$� �7DEOH�+����

-�� �0����������� �&RQWURO�ERDUG��-�� �7DEOH�+����

-�� �+9�FDSDFLWRU�DQG�3DWLHQW�LQGXFWRU� �7DEOH�+����

-�� �3DWLHQW�UHOD\� �7DEOH�+����

-�� �+9�FDSDFLWRU�DQG�SDWLHQW�UHOD\� �7DEOH�+����

-�� �3DWLHQW�UHOD\� �7DEOH�+����

S�R�0���������� %DWWHU\�ERDUG� �7DEOH�+����

7DEOH�+��� +LJK�9ROWDJH�%RDUG�-���-���-���-�

3LQ 6LJQDO &RQQHFWV�7R�

�-���� �+9�&$3���� �+9�FDSDFLWRU���+9�&$3��5('�+9��3�2������������

�-���� �+9�,1'�,1� �3DWLHQW�LQGXFWRU��,1'8&725�,1��5('��3�2�0������������

�-���� �9'&����� �3DWLHQW�UHOD\����35(/$<�'5,9(��3�2�0������������

�-���� �$*5281'� �3DWLHQW�UHOD\��*5281'�

�-���� �5(/$<571 �3DWLHQW�UHOD\����35(/$<�'5,9(�

�-������� �+9�&$3������ �+9�FDSDFLWRU����+9�&$3��:+,7(�+9��3�2������������

�-������� �35�&20������ �3DWLHQW�UHOD\����+9�&$3��&20021�����3�2�0������������

�-�� �35�1�&����� 3DWLHQW�UHOD\����&+$5*(5��1�&������3�2�0������������

Signal Definition 

HV CAP+ Positive terminal of the high voltage capacitor; flying lead terminated 
by a 0.187 female faston. 
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
+LJK�9ROWDJH�%RDUG
HV IND IN Input side of the waveshaping inductor. 

VDC AC/DC converter voltage. 

RELAYRTN Relay Return.

HV CAP - Negative lead of HV capacitor; flying lead terminated by a 0.187 
female faston. 

PR COM 2 Patient Relay, Common 2. 

PR N.C. 2 Patient Relay, Normally Closed 2.

Signal Definition 

7DEOH�+��� +LJK�9ROWDJH�%RDUG�WR�%DWWHU\�%RDUG

6LJQDO 9LD�&DEOH�$VVHPEO\ &RQQHFWV�7R�

�Q%$735(6� �%OXH� %DWWHU\�ERDUG��%$7�6(16�

�9%$77���� �5HG� %DWWHU\�ERDUG��%$7�)86(�

�$*5281'� �%ODFN� %DWWHU\�ERDUG��%$7²�

Signal Definition 

nBATPRES Asserted low when a battery is connected. 

VBATT Fused battery voltage.

AGROUND Return path for battery voltage. 
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
3DWLHQW�,QGXFWRU
8Patient Inductor 

These tables list the pin assignments for the connectors on the patient inductor. The 
connections are listed in Table H-32.

8CRT Deflection Board 

On the CRT deflection board, J1 connects to J11 on the control board. The pin 
assignments are the same on both connectors. See Table H-12 for pin assignments.

7DEOH�+��� 3DWLHQW�,QGXFWRU

3DWLHQW�,QGXFWRU &RQQHFWV�7R�

�,3($.���9����������������� �&RQWURO�ERDUG��-������,3($.�9�

�,3($.��������������������� �&RQWURO�ERDUG��-������,3($.�

�,1'8&725�,1��5('��������� �+LJK�YROWDJH�ERDUG��-�����+9�,1'8&725�,1�

�,1'8&725�287��5('�� �3DWLHQW�UHOD\���+9�&$3��1�2������5('��

Signal Definition 

IPEAK +5V Supply for Ipeak transformer measurement. 

IPEAK Ipeak transformer output (used by Ipeak measurement circuitry. 

INDUCTOR IN Input side (H.V capacitor) of waveshaping inductor. 

INDUCTOR 
OUT

Output side (patient) of waveshaping inductor.

7DEOH�+��� &57�'HIOHFWLRQ�%RDUG�&RQQHFWLRQV

&57�
'HIOHFWLRQ�
%RDUG�
&RQQHFWRU

&RQQHFWV�7R 5HIHUHQFH�

�-�� �&RQWURO�ERDUG��-������ �7DEOH�+����

�-�� �&57�'HIOHFWLRQ�\RNH��� �7DEOH�+����
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&57�'HIOHFWLRQ�%RDUG
The CRT socket board J5 connects to J5 on the CRT tube socket.

Each pin on the CRT deflection board J2 connects to a pin with the same number on 
the CRT deflection yoke, as shown in Table H-34. 

�-�� �&57�6RFNHW�ERDUG������ �7DEOH�+����

�-�� �&57�6RFNHW�ERDUG������ �7DEOH�+���

7DEOH�+��� &57�'HIOHFWLRQ�%RDUG�&RQQHFWLRQV

&57�
'HIOHFWLRQ�
%RDUG�
&RQQHFWRU

&RQQHFWV�7R 5HIHUHQFH�

127(

7DEOH�+��� &57�'HIOHFWLRQ�%RDUG�-��WR�&57�'HIOHFWLRQ�<RNH

3LQ 6LJQDO�

��� �9&2,/5(7��%/8(�����

��� �9&2,/287��5('������

��� �*1'��%/$&.���������

��� �+&2,/287��*5((1����

��� �+&2,/5(7��<(//2:��

127(

Signal Definition 

VCOILRET Vertical deflection coil return. 

VCOILOUT Vertical deflection coil drive. 

HCOILOUT Horizontal deflection coil drive. 

HCOILRET Vertical deflection coil return. 

GND Tied to DAG ground of CRT, through single screw attaching PC board 
to CRT frame. 
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
&57�'HIOHFWLRQ�%RDUG
7DEOH�+��� &57�'HIOHFWLRQ�%RDUG�-��WR�&57�6RFNHW�%RDUG�-���

&57�'HIOHFWLRQ�%RDUG�-� &57�6RFNHW�-�

3LQ 6LJQDO 3LQ�

�-���� �*1'��������� �-����

�-���� �9,'(2287���� �-����

�-���� �*1'��������� �-����

�-���� ����9�������� �-����

Signal Definition 

VIDEOOUT Video control voltage: +28V = dot off, +4.3V = half bright, 0.0V full 
bright. 

12V 12 volt supply 

GND Ground

7DEOH�+��� &57�'HIOHFWLRQ�%RDUG�-��WR�&57�6RFNHW�%RDUG�-���

&57�'HIOHFWLRQ�%RDUG�-� &57�6RFNHW�-�

3LQ 6LJQDO 3LQ�

�-���� �,17(16������ �-����

�-���� �*5,'������ �-����

�-���� �)2&86��������� �-����

Signal Definition 

INTENS Display intensity (adjustable: -3.9V to 0.0V) 

GRID-2 CRT Grid bias voltage (adjustable: 0V to +200 V 
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
6S2��%RDUG
8SpO2 Board 

On the SpO2 board, P1 connects to J12 on the control board. The pin assignments are 
the same on both connectors. See Table H-13 for pin assignments. Table H-37 lists 
connections on the SpO2 board. 

7DEOH�+��� 6S2��%RDUG�&RQQHFWLRQV

6S2��%RDUG 9LD�&DEOH�$VVHPEO\ &RQQHFWV�7R 5HIHUHQFH�

3� 0���������� &RQWURO�ERDUG��-�� 7DEOH�+����

3� 0���������� )URQW�NH\SDQHO�ERDUG 7DEOH�+����

3��� 0���������� 6S2��LQSXW�FRQQHFWRU 7DEOH�+���

7DEOH�+��� 6S2��%RDUG�WR�6S2��,QSXW�&RQQHFWRU

6S2��%RDUG �6S2��,QSXW�&RQQHFWRU

3LQ 6LJQDO� �3LQ 6LJQDO

�� 6,*1$/ �� 6,*1$/

�� )*1' �$ )*1'

�� 5(;7� �� 5(;7�

�� 5(;7� �� 5(;7�

�� /('6(1&( �� /('6(16(

�� /(''5 �� /(''5

� )*1' �� )*1'

SIGNAL Received optical current.

FGND SpO2 isolated ground.

REXT1 Cable coding resistor #1.

REXT2 Cable coding resistor #2.

LEDSENCE Detected current through LEDs.

LEDDR Drive current for LEDs.
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
5HFRUGHU�,QWHUIDFH�%RDUG
8Recorder Interface Board 

On the recorder interface board, J1 connects to J13 on the control board. The pin 
assignments are the same on both connectors. See Table H-14 for pin assignments.

8Battery Board 

Table H-39 lists connections on the battery board. 

Each pin on the battery board J4 connects to a pin with the same number on the 
battery assembly. 

7DEOH�+��� %DWWHU\�%RDUG�&RQQHFWLRQV

%DWWHU\�%RDUG 9LD�&DEOH�$VVHPEO\ &RQQHFWV�7R 5HIHUHQFH�

S�R�0����������� �+LJK�YROWDJH�ERDUG� �7DEOH�+����

-�� �%DWWHU\�DVVHPEO\��-�� �7DEOH�+����

7DEOH�+��� %DWWHU\�%RDUG�-��WR�%DWWHU\�$VVHPEO\�-�

3LQ 6LJQDO�

��� �%$7��

��� �%$7��

��� �%$7�6/2:�

��� �%$7�6(16�

��� �%$7��

��� �%$7��

127(

Signal Definition 

BAT+ Positive terminal of battery. 

BAT+SLOW Connection first made by the long pin in the battery connector; limits 
current when initially charging capacitance on the VBATT line. 

BAT-SENS Battery Sense. 

BAT– Battery return. Connects to negative terminal of battery.
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$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
%DWWHU\�$VVHPEO\
8Battery Assembly 

The battery assembly connects to the J4 on the battery board. See Table H-40 for pin 
assignments.

8HV Capacitor 

The HV capacitor connects to the high voltage board, J3 and J6. See Table H-30 for 
pin assignments.

8Patient Relay 

Table H-41 lists the connection points for the patient relay.

7DEOH�+��� 3DWLHQW�5HOD\�

3DWLHQW�5HOD\������ �&RQQHFWV�7R�

���&+$5*(5��1�&���������� �+LJK�YROWDJH�ERDUG��-��

���+9�&$3��1�2����������� �3DWLHQW�LQGXFWRU��,1'8&725�287�

���+9�&$3��&20021�������� �+LJK�YROWDJH�ERDUG��-����

���35(/$<�'5,9(���������� �+LJK�YROWDJH�ERDUG��-����

�*5281'������������������ �+LJK�YROWDJH�ERDUG��-����

���35(/$<�'5,9(���������� �+LJK�YROWDJH�ERDUG��-����

���3$&(5��1�&������������ �3DFHU�ERDUG��-���

�287387����&20021�������� �)URQW�HQG�ERDUG��-��%�

�287387����1�2����������� �)URQW�HQG�ERDUG��-��%
A-39

May 22, 2000 11:07 am DRAFT



$SSHQGL[�$�&RQQHFWRU�3LQ�$VVLJQPHQWV
���2KP�/RDG�$VVHPEO\
850-Ohm Load Assembly 

The 50-ohm load assembly connects to J63 on the front end board. See Table H-19 for 
pin assignment. In addition, the TO STERNUM point on the assembly connects to the 
sternum paddle pocket; the TO APEX point on the assembly connects to the apex 
paddle pocket.

8ECG In Connector 

The ECG In connector connects to J1 on the front end board. See Table H-16 for pin 
assignments.

8AC Line Module 

The AC line module connects to J1 on the power supply board. See Table H-27 for 
pin assignments. In addition, the GROUND connection on the AC line module goes 
through a green/yellow wire to the IEC ground lug. 

8Energy Select Switch 

The Energy Select switch connects to J2 on the keypanel board. See Table H-22 for 
pin assignments. 
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Index
Numerics
3-wire patient cable, 2-14
5-wire patient cable, 2-14

A
Auto, 4-5

C
CALIBRATE DEFIB, 2-17
CRT

adjustments, 5-27
control signals, 7-21
horizontal sync, 7-22
removing, 5-11
specifications, 7-21
test, 3-16
test pattern, 5-29
vertical sync, 7-22
video, 7-22

CRT assembly
disassembling, 5-11
parts list, 6-19
removing, 5-11

CRT deflection board
circuit description, 7-20
removing, 5-11

CRT deflection yoke
adjusting, 5-28

CRT/recorder gate array, 7-2, 7-
7, 7-29

Charge key
front panel, 7-4
paddles, 7-4, 7-30

CodeMaster models
colors, 6-2
list of, 6-1

Controls Test, 3-19

E
ECG Input

connecting, 2-15
ECG Input connector

options, 2-13

uses, 2-13
ECG Monitor Test, 3-14
ECG amplification, 7-9
ECG front end, 7-17

cal pulse, 7-19
data communication, 7-19
isolated power supplies, 7-18

ECG front end board, 7-17
removing, 5-17

ECG gain accuracy, checking, 3-
26

ECG simulator, 3-26
testing with, 3-26

EMS, 4-5

F
Feature, 4-5

I
I-peak measurement, 7-9

P
PRINT LOG, 2-18, 3-31, 4-4
Pace, 4-5

Q
QRS Volume control

circuit operation, 7-5

R
RESTORE FACTORY 

SETTINGS, 2-18

S
SETUP LOST message, 2-22, 3-

2, 3-9
SETUP MENU 1, 2-18
SETUP MENU 2, 2-18
SPO2 CABLE OFF, 4-14
SPO2 FAILURE, 4-14
SPO2 LIGHT INTERF, 4-14
SPO2 LOW SIGNAL, 4-14
SPO2 NOISY SIGNAL, 4-14

SPO2 SENSOR FAIL, 4-14
SpO2

testing, 3-25
SpO2 board

removing, 5-12
replacement, 5-14

SpO2 test, 3-25

T
TEST BATTERY, 2-18
TEST CONTROLS, 2-18
TEST CRT, 2-18
TEST DEFIB, 2-18
TEST ECG, 2-18
TEST INDICATORS, 2-18
TEST PACER, 2-18
TEST RECORDER, 2-18

V
VDC, 7-11

X
XL+ options

documentation, 1-9

Z
accessories

cart, 1-13
standard, supplied, 1-13

accessories, list, 1-13
adjusting the CRT, 5-27
apex paddle shock key, 7-5, 7-30
assistance, 1-3
audible indicators, 4-10
battery

charger circuit description, 7-12
charging, 2-1
compartment, 2-2
compartment door, 2-2
connecting polarized plug, 2-3
connector, 2-2
fuse, 7-13
fuse replacement, 5-36
I
Index -i



Index
installing, 2-1
plug, 2-2
problems, 4-15
removing, 5-2
replacing, 2-1

battery capacity test, 3-28, 3-29
battery compartment

accessing, 2-3, 5-3
battery compartment door

re-installing, 2-3
battery connector board, 7-13

removing, 5-19
battery door parts list, 6-14
beeper filtering and 

amplification, 7-9
cable

ECG patient, 2-13
internal paddles adapter, 2-9
pads adapter, 2-8

cal pulse for ECG front end, 7-19
calibration

defibrillator, 3-9
peak current, 4-19

cardioversion, sync, 3-26
cart

description, 1-2
charge operation, 7-4
charger

high voltage, 7-14
charging

battery, 2-1
chassis

opening, 5-3
checklist

defibrillator, 3-33
circuit board

CRT deflection, 7-20
ECG front end, 7-17
battery connector, 7-13
control, 7-2
high voltage, 7-13
high voltage board, 7-4
pacer, 7-23
ii-Index 
recorder interface, 7-29
cleaning, 3-31
cleaning materials, 3-31
clearing the system (error) 

log, 4-9
coil cords, 7-16
compartment door

battery, 2-2
configuration

settings, 2-16
setup menu, 2-16
setup menu display, 2-16

configuration and setup, 2-16–
2-24

configuration settings, 2-19
changing, 2-22
displaying/printing, 2-19
lost, 2-22
setup menu 1, 2-23
setup menu 2, 2-24

configuring
default monitoring source, 2-10
keypanel board for model, 5-7
set date and time, 2-1
settings, 2-1

connecting
patient cable, 2-15

connector
defibrillator, 2-7
lock, 2-11, 2-12

control board, 7-2
removing, 5-14

default monitoring source
configuring, 2-10

defibrillator
calibration, 3-2, 3-9
cart, 1-2
cleaning, 3-31
configuring, 2-16
connector, 2-7
description, 1-1
features, 1-1
setup, 2-16
I

test, 3-11
defibrillator calibration, 3-9
defibrillator checklist, 3-33
defibrillator connector

external adhesive pads, 2-7
external paddles, 2-7
internal paddles, 2-7
uses, 2-7

defibrillator processor, 7-2, 7-3
charging operation, 7-4
defibrillation control, 7-4
discharging operation, 7-5
system monitoring, 7-5

defibrillator status, 7-6, 7-14
deflection

horizontal, 7-22
vertical, 7-22

delivered energy calibration,
4-19, 5-30

delivered energy level
testing, 3-14

delivered energy level test, 3-14
digital backup supply, 7-8
digital signal processor, 7-2, 7-8, 

7-18
disassembly

CRT assembly, 5-11
keypanel, 5-7

display
adjustments, 5-27
problems, 4-18

display interface, 7-7
displaying

setup/diagnostic menu tests,
3-6

equipment list
performance tests, 3-32

error codes, 4-6
error log

clearing, 4-9
codes, 4-6
interpreting, 3-31
printing, 3-31



Index
sample printout, 4-4
using, 4-4

external adhesive pads
defibrillator connector, 2-7

external monitor, testing, 3-26
external paddles, 7-30

connecting, 2-10
defibrillator connector, 2-7

external paddles adapter cable
connecting, 2-10
connecting to defibrillator, 2-10

external paddles connector
release latch, 2-7

external paddles connector parts 
list, 6-28

front panel
Charge key, 7-4

fuse
battery protection, 7-13
replacing in power supply, 5-35

gate array
CRT/recorder, 7-2, 7-7, 7-21, 

7-29
system, 7-2, 7-6

high voltage board, 7-4, 7-13
removing, 5-19

high voltage capacitor, 7-4, 7-15
charging, 7-14
removing, 5-21

high voltage charger, 7-14
high voltage charger and relay 

assembly
removing, 5-19

high voltage parts list, 6-18
horizontal deflection, 7-22
horizontal sync, 7-22
indicator interface, 7-6
indicators

test, 3-21
input protection

leads, 7-19
paddles, 7-19

inspection, visual, 3-8

installation, 2-15
installing

battery, 2-1
main battery, 2-3
paddle set, 2-1
paper, 2-1
the battery, 2-1
the defibrillator, 1-1

interface
display, 7-7
keyboard and indicator, 7-6
option slot, 7-7
power supply, 7-8
recorder, 7-7, 7-29

internal paddles
defibrillator connector, 2-7

interrupts
monitor processor, 7-7

isolated power supplies
ECG front end board, 7-18
pacer board, 7-23

keyboard interface, 7-6
keypanel

problems, 4-18
removal and disassembly, 5-7

keypanel board
configuring for model, 5-7
replacing, 5-7

keypanel parts list, 6-15
lead

input protection, 7-19
leadwires, 3-26
line voltage

automatic setting, 2-1
lithium battery

replacing, 5-33
loading recorder paper, 2-5
locking

paddle set connector, 2-1
low battery shutdown, 7-9
lubrication, 3-28
main assembly parts list, 6-4,

 6-10

main battery
installation, 2-1
installing, 2-3

main setup/diagnostic menu
exiting, 2-21

maintenance
philosophy, 4-1
preventive, 3-28

menu
setup/diagnostic menu tests,

3-6
-5 V supply, 7-9
monitor processor, 7-2

central processing, 7-7
display control, 7-7

monitor processor interrupts, 7-7
RAWRST, 7-10
old paper roll

removing, 2-5
on-screen defibrillator/monitor 

messages, 4-11
on-screen pacer messages, 4-13
on-screen system messages, 4-11
opening the chassis, 5-3
operating

from AC power, 2-1
from battery, 2-1

operation problem messages,
4-15

option slot interface, 7-7
options

ECG cable/connector, 1-12
country, 1-8
documentation, 1-13
hardware, 1-12
pacer, 1-11
paddles and pads, 1-11
power cords, 1-10
sync cable, 1-12

options, list, 1-7–1-13
ordering information, parts, 6-2
pace pulse detection, 4-4

defined, 2-24
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enabling/disabling, 2-24
pacer

test, 3-23
testing, 3-25

pacer board, 7-23
isolated supply, 7-23
pulse control, 7-23
removing, 5-9

pacer current, 7-6, 7-24
pacer keypad

removal, 5-8
pacer pulse control, 7-23
pacer test, 3-25
paddle assembly parts list, 6-26
paddle set

adult/pediatric
anterior/anterior, 2-7

internal, 2-9
pediatric, 2-7
standard external, adult, 2-7
standard external, pediatric, 2-7

paddles
charge key, 7-4
identification, 7-5
input protection, 7-19
plug, 2-11, 2-12

paddles and patient cables
installing, 2-7

paddles connector
uses, 2-7

paddles/pads
installing, 2-10

paddles/pads connector
locking, 2-10

paddles-in-pocket, 7-19
pads

external adhesive, 2-8
paper

loading, 2-5
paper removal tag

using, 2-5
paper roll

grid side, 2-5
iv-Index 
installing, 2-5
orientation, 2-5

parts list, 6-1–6-30
CRT assembly, 6-19
battery door assembly, 6-14
external paddles connector

assembly, 6-28
high voltage assembly, 6-18
keypanel assembly, 6-15
list of assemblies, 6-1
main assembly, 6-4, 6-10
paddle assembly, 6-26
recorder assembly, 6-21
supplies, 6-29

parts ordering information, 6-2
patient cable

connecting, 2-14, 2-15
keyed plug, 2-15

patient circuit, 7-15
patient connections, 7-30

external paddles, 7-30
patient contact indicator, 7-19
patient impedance, 7-19
patient inductor, 7-15

removing, 5-23
patient isolation

pacer, 7-24
patient load, 7-15
patient relay, 7-5, 7-14, 7-15

removing, 5-19
peak discharge current, 7-6

measurement, 7-9
pediatric paddle set

standard external, 2-7
pediatric paddles

exposing, 2-7
performance test intervals, 3-9
performance tests

equipment list, 3-32
performance verification, 3-8–3-

27
ECG simulation, 3-26
SpO2 test, 3-25
I

checklist, 3-8, 3-33
delivered energy level test, 3-14
pacer test, 3-25
setup/diagnostic menu tests,

3-6
sync cardioversion, 3-26
visual inspection, 3-8

power failure detector, 7-8
power supply, 7-11–7-12

AC/DC converter, 7-11
DC/DC converter, 7-12
battery charger control, 7-12
replacing fuses, 5-35
tests, 4-21

power supply assembly
removing, 5-10

power supply interface, 7-8
LED drivers, 7-9
digital backup supply, 7-8
power failure detector, 7-8
switch A control, 7-8

power-up/power-down 
process, 7-9

preventive maintenance, 3-28
cleaning, 3-31
lubrication, 3-28

printed failure messages, 4-14
printhead

resistance, 7-5
temperature, 7-5

printing
error log, 3-31

processor
defibrillator, 7-2, 7-3
digital signal, 7-2, 7-8
monitor, 7-2

real-time clock, 7-7
recorder

door, 2-6
loading paper, 2-5
paper, 2-6
parts list, 6-21
platen, 2-6
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platen removal, 5-7
problems, 4-16
removing, 5-5
test pattern, 3-19

recorder door
closing, 2-5
opening, 2-5

recorder interface, 7-7
recorder platen assembly

removing, 5-5
recorder test, 3-18
relay

patient, 7-5, 7-14
safety, 7-14

removal
CRT, 5-11
CRT assembly, 5-11
CRT deflection board, 5-11
ECG front end board, 5-17
SpO2 board, 5-12
battery, 5-2
battery connector board, 5-19
control board, 5-14
high voltage board, 5-19
high voltage capacitor, 5-21
high voltage charger and relay

assembly, 5-19
keypanel assembly, 5-7
pacer board, 5-9
patient inductor, 5-23
patient relay, 5-19
power supply assembly, 5-10
recorder, 5-5
recorder platen assembly, 5-5,

5-7
repair philosophy, 4-1
replacement

SpO2 board, 5-14
battery fuse, 5-36
lithium battery, 5-33
power supply fuses, 5-35

reset, 7-10
retaining screws

battery compartment door, 2-2
routine maintenance, 3-28
safety considerations, 4-3
safety relay, 7-4, 7-14, 7-16
safety standards, 3-28
safety tests, 3-28
setting up

the defibrillator, 2-1
setup

required tasks, 2-1
setup and installation, 2-1
setup/diagnostic menu

CALIBRATE DEFIB, 2-17
PRINT LOG, 2-18
RESTORE.FACTORY

SETTINGS, 2-18
SETUP MENU 1, 2-18
SETUP MENU 2, 2-18
TEST BATTERY, 2-18
TEST CONTROLS, 2-18
TEST CRT, 2-18
TEST DEFIB, 2-18
TEST ECG, 2-18
TEST INDICATORS, 2-18
TEST PACER, 2-18
TEST RECORDER, 2-18
displaying, 2-17
exiting, 3-8
list of tests, 3-6
printing the error log, 3-31

setup/diagnostic menu 1
default settings, 2-20

setup/diagnostic menu 2
default settings, 2-21

setup/diagnostic menu test
CRT Test, 3-16
Controls Test, 3-19
Indicator Test, 3-21
defibrillator calibration, 3-9
defibrillator test, 3-11
selecting, 3-8
starting, 3-8
stopping, 3-8

setup/diagnostic menu tests,
3-6–3-31

ECG Monitor Test, 3-14
Pacer Test, 3-23
battery capacity test, 3-28
recorder test, 3-18
starting, 3-6
test menu, 3-7

setup/diagnostic menus
exiting, 2-21

setup/diagnostic test menus
exiting, 3-8

setup/diagnostic tests
using for troubleshooting, 4-2

shock counter
clearing, 3-13
defined, 3-13

shock key
apex paddle, 7-5, 7-30
sternum paddle, 7-5, 7-30

shock operation, 7-5
shutdown

low battery, 7-9
simulator, ECG, 3-26

testing with, 3-26
specifications, 1-3–1-6

battery, 1-5
electrical, 1-4
environmental, 1-3
pacer, 1-6
physical, 1-3
power requirements, 1-5

standards
safety, 3-28

sternum paddle shock key, 7-5, 
7-30

supplies
parts list, 6-29

switch A
circuit operation, 7-12
control, 7-8

sync cardioversion
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testing.with.external
monitor, 3-26, 3-32

sync cardioversion test, 3-26
system (error) log

clearing, 4-9
codes, 4-6
interpreting, 3-31
printing, 3-31

system gate array, 7-2, 7-6
system log

using, 4-4
system monitoring

QRS volume control, 7-5
capacitor voltage, 7-5
defibrillator status, 7-6
pacer current, 7-6
paddles identification, 7-5
peak current, 7-6
printhead resistance, 7-5
printhead temperature, 7-5
supply voltages, 7-6

technical assistance, 6-3
test

defibrillator, 3-11
test equipment, required, 4-3
test load, 3-32
test pattern

CRT, 5-29
recorder, 3-18, 3-19

test with external monitor
sync cardioversion, 3-32

tests
CRT, 3-16
ECG Monitor Test, 3-14
battery capacity, 3-28
controls, 3-19
indicator, 3-21
pacer, 3-23
power supply, 4-21
recorder, 3-18
safety, 3-28

troubleshooting, 4-1–4-21
vi-Index 
setup/diagnostic tests, using,
4-2

troubleshooting tables, 4-10–4-20
audible indicators, 4-10
display and logic, 4-18
keypanel, 4-18
on-screen defibrillator/monitor

messages, 4-11
on-screen pacer messages, 4-13
on-screen system messages,

4-11
operation-problem

messages, 4-15
power supply and battery, 4-15
printed failure messages, 4-14
recorder, 4-16

verification after repair, 4-2
vertical deflection, 7-22
vertical sync, 7-22
video

half- and full-bright, 7-22
visual inspection, 3-8
voltages

power supply, 4-21
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