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SP3222EU/SP3232EU

3.3V, 1000 kbps RS-232 Transceivers

The SP3222EU and the SP3232EU are 2 driver, 2 receiver RS-232 transceiver solutions 
intended for portable or hand-held applications such as notebook or palmtop computers. 
Their data transmission rate of 1000 kbps meets the demands of high speed RS-232 ap-
plications. The SP3222EU/SP3232EU� VHULHV� KDV� D� KLJK�HI¿FLHQF\�� FKDUJH�SXPS� SRZHU�
VXSSO\�WKDW�UHTXLUHV�RQO\�����)�FDSDFLWRUV�LQ����9�RSHUDWLRQ��7KLV�FKDUJH�SXPS�DOORZV�WKH�
SP3222EU/SP3232EU�VHULHV�WR�GHOLYHU�WUXH�56�����SHUIRUPDQFH�IURP�D�VLQJOH�SRZHU�VXSSO\�
UDQJLQJ�IURP�����9�WR�����9��7KH�(6'�WROHUDQFH�RI�WKH�SP3222EU/SP3232EU devices are 
RYHU������N9�IRU�ERWK�+XPDQ�%RG\�0RGHO�DQG�,(&����������$LU�GLVFKDUJH�WHVW�PHWKRGV��7KH�
SP3222EU device has a low-power shutdown mode where the devices' driver outputs and 
FKDUJH�SXPSV�DUH�GLVDEOHG��'XULQJ�VKXWGRZQ��WKH�VXSSO\�FXUUHQW�IDOOV�WR�OHVV�WKDQ���$�

FEATURES
v�0HHWV�WUXH�(,$�7,$�����)�6WDQGDUGV 
IURP�D�����9�WR�����9�SRZHU�VXSSO\

v�0LQLPXP�����NESV�'DWD�5DWH
v���$�/RZ�3RZHU�6KXWGRZQ�ZLWK�
    Receivers active (SP3222EU)
v�,QWHURSHUDEOH�ZLWK�56�����GRZQ�WR�D�
����9�SRZHU�VRXUFH

v�(QKDQFHG�(6'�6SHFL¿FDWLRQV�
     +��N9�+XPDQ�%RG\�0RGHO
     +��N9�,(&����������$LU�'LVFKDUJH
     +�N9�,(&����������&RQWDFW�'LVFKDUJH
v�,GHDO�IRU�+DQGKHOG��%DWWHU\�2SHUDWHG�

Applications

DESCRIPTION

SELECTION TABLE

1RZ�$YDLODEOH�LQ�/HDG�)UHH�3DFNDJLQJ
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C1+
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C1-

C2+

C2-

EN
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R2IN

SP3222EU

T2OUT T2IN

T1IN

R1OUT

nSOIC

R2OUT

02'(/� Power 

Supplies

RS-232 

'ULYHUV

RS-232 

Receivers

External 

Components

Shutdown 77/

 3-State

# of 

Pins

SP3222EU ����9�WR�����9 2 2 4 Capacitors Yes Yes 18, 20

SP3232EU ����9�WR�����9 2 2 4 Capacitors No No 16
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NOTE 1���9��DQG�9��FDQ�KDYH�PD[LPXP�PDJQLWXGHV�RI��9��EXW�WKHLU�DEVROXWH�GLIIHUHQFH�FDQQRW�H[FHHG���9�

7KHVH�DUH�VWUHVV�UDWLQJV�RQO\�DQG�IXQFWLRQDO�RSHUDWLRQ�
RI�WKH�GHYLFH�DW�WKHVH�UDWLQJV�RU�DQ\�RWKHU�DERYH�WKRVH�
LQGLFDWHG�LQ�WKH�RSHUDWLRQ�VHFWLRQV�RI�WKH�VSHFL¿FDWLRQV�
below is not implied. Exposure to absolute maximum 
UDWLQJ� FRQGLWLRQV� IRU� H[WHQGHG� SHULRGV� RI� WLPH� PD\�
DIIHFW�UHOLDELOLW\�DQG�FDXVH�SHUPDQHQW�GDPDJH�WR�WKH�
device.

9
CC
�����������������������������������������������������������9�WR�����9

9���127(����������������������������������������������9�WR�����9
9���127(�����������������������������������������������9�WR�����9
9����_9�_���127(�������������������������������������������������9
,
CC
��'&�9

CC
�RU�*1'�FXUUHQW��������������������������+100mA

 
Input Voltages
7[,1��(1��6+'1�����������������������������9�WR�9FF������9
5[,1�������������������������������������������������������������������+��9
Output Voltages
7[287�������������������������������������������������������������+����9
5[287���������������������������������������������9�WR��9

CC
�����9�

Short-Circuit Duration
7[287����������������������������������������������������&RQWLQXRXV
Storage Temperature......................-65°C to +150°C

8QOHVV�RWKHUZLVH�QRWHG��WKH�IROORZLQJ�VSHFL¿FDWLRQV�DSSO\�IRU�9
CC
� �����9�WR�����9�ZLWK�7

$0%
 = T

0,1
 to T

0$;
, C

1
 to 

C
4
 = 0.1�F. 7\SLFDO�YDOXHV�DSSO\�DW�9FF� �����9�DQG�7

$0%
 = 25°C

Power Dissipation per package 

���SLQ�6623��GHUDWH�����P:�oC above +70o&������������������P: 

���SLQ�62,&��GHUDWH�����P:�oC above +70o&�������������������P:

���SLQ�76623��GHUDWH�����P:�oC above +70o&�����������������P:

���SLQ�6623��GHUDWH�����P:�oC above +70o&�������������������P:

���SLQ�3',3��GHUDWH�����P:�oC above +70o&��������������������P:

���SLQ�:LGH�62,&��GHUDWH�����P:�oC above +70o&������������P:

���SLQ�76623��GHUDWH�����P:�oC above +70o&������������������P:

���SLQ�Q62,&��GHUDWH������P:�oC above +70o&����������������P:

ELECTRICAL CHARACTERISTICS

PARAMETER MIN. TYP. MAX. UNITS CONDITIONS

DC CHARACTERISTICS

6XSSO\�&XUUHQW 0.3 1.0 mA QR�ORDG��9
CC
� ����9�

T
$0%

 = 25o&��7[,1� �*1'�RU�9
CC

6KXWGRZQ�6XSSO\�&XUUHQW 1.0 10 �$ 6+'1� �*1'��9&&� ����9�

T
$0%

 = 25o&��7[,1� �9FF�RU�*1'

LOGIC INPUTS AND RECEIVER OUTPUTS

,QSXW�/RJLF�7KUHVKROG�/2: *1' 0.8 9 7[,1��(1��6+'1��1RWH��

,QSXW�/RJLF�7KUHVKROG�+,*+ 2.0 9 9FF� ����9��1RWH��

,QSXW�/RJLF�7KUHVKROG�+,*+ 2.4 9FF 9 9FF� ����9��1RWH��

,QSXW�/HDNDJH�&XUUHQW +0.01 +1.0 �$ 7[,1��(1��6+'1�

T
$0%

 = +25o&��9
,1
� ��9�WR�9

CC

2XWSXW�/HDNDJH�&XUUHQW +0.05 +10 �$ 5HFHLYHUV�GLVDEOHG��9
287

� ��9�WR�9
CC

2XWSXW�9ROWDJH�/2: 0.4 9 ,
287

 = 1.6mA

2XWSXW�9ROWDJH�+,*+ 9
CC

 -0.6 9
CC

 -0.1 9 ,
287

 = -1.0mA

DRIVER OUTPUTS

2XWSXW�9ROWDJH�6ZLQJ� +5.0 +5.4 9 $OO�GULYHU�RXWSXWV�ORDGHG�ZLWK��.��WR�

*1'��7
$0%

 = +25oC

ABSOLUTE MAXIMUM RATINGS
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ELECTRICAL CHARACTERISTICS

PARAMETER MIN. TYP. MAX. UNITS CONDITIONS

DRIVER OUTPUTS (continued)

2XWSXW�5HVLVWDQFH 300 � 9
CC
� �9�� �9�� ��9��7

287
=+�9

2XWSXW�6KRUW�&LUFXLW�&XUUHQW +35 +60 mA 9
287

� ��9

2XWSXW�/HDNDJH�&XUUHQW +25 �$ 9
CC
� ��9�RU����9�WR����9��

9
287

 = +��9��'ULYHUV�GLVDEOHG

RECEIVER INPUTS

,QSXW�9ROWDJH�5DQJH -25 +25 9

,QSXW�7KUHVKROG�/2: 0.6 1.2 9 9FF� ����9

,QSXW�7KUHVKROG�/2: 0.8 1.5 9 9FF� ����9

,QSXW�7KUHVKROG�+,*+ 1.5 2.4 9 9FF� ����9

,QSXW�7KUHVKROG�+,*+ 1.8 2.4 9 9FF� ����9

,QSXW�+\VWHUHVLV 0.3 9

,QSXW�5HVLVWDQFH 3 5 7 N�

TIMING CHARACTERISTICS

0D[LPXP�'DWD�5DWH� 1000 Kbps R
/
� ��.���&

/
 = 250pF, one driver 

switching

5HFHLYHU�3URSDJDWLRQ�'HOD\���W
3+/

          

0.15 �V Receiver input to Receiver 

output, C
/
 = 150pF

5HFHLYHU�3URSDJDWLRQ�'HOD\���W
3/+

0.15 �V Receiver input to Receiver 

output, C
/
 = 150pF

5HFHLYHU�2XWSXW�(QDEOH�7LPH 200 ns

5HFHLYHU�2XWSXW�'LVDEOH�7LPH 200 ns

'ULYHU�6NHZ 100 ns _�W
3+/

 - t
3/+
�_��7

$0%
 = 25°C

Receiver Skew 50 ns _�W
3+/

 - t
3/+
�_

Transition-Region Slew Rate 90 9��V 9FF� ����9��5
/
� ��N����7

$0%
 = 

25°C, measurements taken from 

����9�WR�����9�RU�����9�WR�����9

127(����'ULYHU�LQSXW�K\VWHUHVLV�LV�W\SLFDOO\����P9�

8QOHVV�RWKHUZLVH�QRWHG��WKH�IROORZLQJ�VSHFL¿FDWLRQV�DSSO\�IRU�9
CC
� �����9�WR�����9�ZLWK�7

$0%
 = T

0,1
 to T

0$;
, C

1
 to 

C
4
 = 0.1�F. 7\SLFDO�YDOXHV�DSSO\�DW�9FF� �����9�DQG�7

$0%
 = 25°C
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8QOHVV�RWKHUZLVH�QRWHG��WKH�IROORZLQJ�SHUIRUPDQFH�FKDUDFWHULVWLFV�DSSO\�IRU�9
CC
� �����9������NESV�GDWD�UDWH��DOO�

GULYHUV�ORDGHG�ZLWK��N�������)�FKDUJH�SXPS�FDSDFLWRUV��DQG�7
$0%

 = +25°C.

)LJXUH�����6OHZ�5DWH�YV�/RDG�&DSDFLWDQFH�IRU�WKH�

SP3222EU and SP3232EU

)LJXUH�����7UDQVPLWWHU�2XWSXW�9ROWDJH�YV�/RDG�

Capacitance for the SP3222EU and SP3232EU
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TYPICAL PERFORMANCE CHARACTERISTICS
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7DEOH�����'HYLFH�3LQ�'HVFULSWLRQ

1$0(                                       �)81&7,21

3,1�180%(5

SP3222EU SP3232EU

62,& 6623

76623

EN
5HFHLYHU�(QDEOH��$SSO\�/RJLF�/2:�IRU�QRUPDO�RSHUDWLRQ�

$SSO\�ORJLF�+,*+�WR�GLVDEOH�WKH�UHFHLYHU�RXWSXWV��KLJK�=�VWDWH�
1 1 -

C1+ Positive terminal of the voltage doubler charge-pump capacitor 2 2 1

9� ����9�RXWSXW�JHQHUDWHG�E\�WKH�FKDUJH�SXPS 3 3 2

C1- Negative terminal of the voltage doubler charge-pump capacitor 4 4 3

C2+ Positive terminal of the inverting charge-pump capacitor 5 5 4

C2- Negative terminal of the inverting charge-pump capacitor 6 6 5

9� ����9�RXWSXW�JHQHUDWHG�E\�WKH�FKDUJH�SXPS 7 7 6

T
1
287 RS-232 driver output. 15 17 14

T
2
287 RS-232 driver output. 8 8 7

R
1
,1 RS-232 receiver input 14 16 13

R
2
,1 RS-232 receiver input 9 9 8

R
1
287 77/�&026�UHFHLYHU�RXWSXW 13 15 12

R
2
287 77/�&026�UHFHLYHU�RXWSXW 10 10 9

T
1
,1 77/�&026�GULYHU�LQSXW 12 13 11

T
2
,1 77/�&026�GULYHU�LQSXW 11 12 10

*1' Ground 16 18 15

9
CC

����9�WR�����9�VXSSO\�YROWDJH 17 19 16

6+'1

6KXWGRZQ�&RQWURO�,QSXW��'ULYH�+,*+�IRU�QRUPDO�GHYLFH�RSHUDWLRQ�

'ULYH�/2:�WR�VKXWGRZQ�WKH�GULYHUV��KLJK�=�RXWSXW��DQG�WKH�RQ�

ERDUG�SRZHU�VXSSO\

18 20 -

N.C. No Connect - 11, 14 -

PIN FUNCTION
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)LJXUH����3LQRXW�&RQ¿JXUDWLRQ�IRU�WKH�63����(8

)LJXUH�����3LQRXW�&RQ¿JXUDWLRQV�IRU�WKH�63����(8
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)LJXUH�����63����(8�7\SLFDO�2SHUDWLQJ�&LUFXLWV

��	�����

�




�

�

	



��

���

����

����

�����

�����

���

���

���

���

��

��

���

�	

��

���.�

���.�

���.�
�

��

��

��

�

�
��	

�


�

�

���.�

���.�

��

�
����	�
�������

����	�
������

�����
������

���

��

�

�'-

�����������

�

�'-

�����������

��

�����
�������

�� ��
����

�" (�!$�*$+,*($#�+)
��$&+%$*�����)*����

����
�����

��	�����

�




�

�

	



�

���

����

����

�����

�����

���

���

���

���

��

��

���

��

��

���/�

���/�

���/�
�

��

��

��

�

�
��	

�


�

�

���/�

���/�

�

��
����	�
�������

����	�
������

�����
������

���

��

�

�(.

����������	

�

�(.

�����������

�


�����

�������

�� ��
����

�#!)�"%�+%,-+)%$�,*

��%',&%+�����*+����

���� ����

)LJXUH������63����(8�7\SLFDO�2SHUDWLQJ�&LUFXLW

��	�	���

�

	

�




�

�

��

���

����

����

�����

�����

���

���

���

���

��

��

���

��

��

���-�

�
��

��

��

�

�
��	

�


�

�

�



����	�
�������

����	�
������

�����
������

���

��

�&,

����������� �	

�&,

���������� �

�����
�������

�!�'� #�)#*+)'#"�*(
��#%*$#)�����()����

���-�

���-�

���-�

���-�

TYPICAL OPERATING CIRCUITS
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The  SP3222EU/SP3232EU transceivers   

PHHW�WKH�(,$�7,$�����DQG�,78�7�9����9����

communication protocols and can be imple-

PHQWHG� LQ� EDWWHU\�SRZHUHG�� SRUWDEOH�� RU�

hand-held applications such as notebook 

or palmtop computers. The SP3222EU/

SP3232EU devices feature Exar's propri-

HWDU\�RQ�ERDUG�FKDUJH�SXPS�FLUFXLWU\� WKDW�

JHQHUDWHV�����9�IRU�56�����YROWDJH�OHYHOV�

IURP�D�VLQJOH�����9�WR�����9�SRZHU�VXSSO\��

7KLV�VHULHV�LV�LGHDO�IRU�����9�RQO\�V\VWHPV��

PL[HG�����9� WR�����9�V\VWHPV��RU�����9�

RQO\� V\VWHPV� WKDW� UHTXLUH� WUXH� 56�����

performance. The SP3222EU/SP3232EU  

devices can operate at a minimum data rate 

of 1000kbps.

The SP3222EU and SP3232EU are  2-

driver/2- receiver  devices  ideal for portable 

or hand-held applications. The SP3222EU 

IHDWXUHV�D���$��VKXWGRZQ�PRGH�WKDW�UHGXFHV�

SRZHU�FRQVXPSWLRQ�DQG�H[WHQGV�EDWWHU\�OLIH�

LQ� SRUWDEOH� V\VWHPV�� ,WV� UHFHLYHUV� UHPDLQ�

active in shutdown mode, allowing external 

devices such as modems to be monitored 

XVLQJ�RQO\���$�VXSSO\�FXUUHQW�

THEORY OF OPERATION

The SP3222EU/SP3232EU series is made 

XS�RI�WKUHH�EDVLF�FLUFXLW�EORFNV�

����'ULYHUV

2.  Receivers

����7KH�([DU�SURSULHWDU\�FKDUJH�SXPS

Drivers

The drivers are inverting level transmitters 

WKDW� FRQYHUW�77/�RU�&026� ORJLF� OHYHOV� WR�

+���9�(,$�7,$�����OHYHOV�ZLWK�DQ�LQYHUWHG�

sense relative to the input logic levels.  

7\SLFDOO\��WKH�56�����RXWSXW�YROWDJH�VZLQJ�

is +���9�ZLWK�QR�ORDG�DQG�+�9�PLQLPXP�IXOO\�

loaded.  The driver outputs are protected 

DJDLQVW�LQ¿QLWH�VKRUW�FLUFXLWV�WR�JURXQG�ZLWK-

RXW�GHJUDGDWLRQ�LQ�UHOLDELOLW\���'ULYHU�RXWSXWV�

ZLOO�PHHW�(,$�7,$�����OHYHOV�RI�������9�ZLWK�

VXSSO\�YROWDJHV�DV�ORZ�DV����9� 

The drivers have a minimum data rate of 

����NESV�IXOO\�ORDGHG�ZLWK��N��LQ�SDUDOOHO�

ZLWK����S)��HQVXULQJ�FRPSDWDELOLW\�ZLWK�3&�

to-PC communication software.

Figure 11 shows a loopback test circuit 

XVHG� WR� WHVW� WKH� 56����� 'ULYHUV�� )LJXUH�

12 shows the test results of the loopback 

circuit with all drivers active at 250kbps 

with RS-232 loads in parallel with a 

1000pF capacitor. Figure 13 shows the 

test results where one driver was active 

at 1000kbps and all drivers loaded with an  

RS-232 receiver in parallel with 250pF 

capacitors. 

The SP3222EU driver's output stages are 

turned off (tri-state) when the device is in 

VKXWGRZQ�PRGH��:KHQ�WKH�SRZHU�LV�RII��WKH�

SP3222EU device permits the outputs to be 

GULYHQ�XS�WR������9��7KH�GULYHU
V�LQSXWV�GR�

QRW�KDYH�SXOO�XS�UHVLVWRUV��'HVLJQHUV�VKRXOG�

FRQQHFW�XQXVHG�LQSXWV�WR�9FF�RU�*1'�

,Q�WKH�VKXWGRZQ�PRGH��WKH�VXSSO\�FXUUHQW�

IDOOV�WR�OHVV�WKDQ���$��ZKHUH�6+'1� �/2:��

:KHQ�WKH�SP3222EU device is shut down, 

the device's driver outputs are disabled (tri-

stated) and the charge pumps are turned off 

ZLWK�9��SXOOHG�GRZQ�WR�9FF�DQG�9��SXOOHG�WR�

*1'��7KH�WLPH�UHTXLUHG�WR�H[LW�VKXWGRZQ�LV�

W\SLFDOO\�����V��&RQQHFW�6+'1�WR�9FF�LI�WKH�

shutdown mode is not used.

Receivers

7KH�5HFHLYHUV�FRQYHUW�(,$�7,$�����OHYHOV�

WR�77/� RU�&026� ORJLF� RXWSXW� OHYHOV��7KH�

SP3222EU receivers have an inverting 

tri-state output. These receiver outputs 

�5[287�� DUH� WUL�VWDWHG� ZKHQ� WKH� HQDEOH�

FRQWURO�(1� �+,*+��,Q�WKH�VKXWGRZQ�PRGH��

the receivers can be active or inactive. EN 

KDV�QR�HIIHFW�RQ�7[287��7KH�WUXWK�WDEOH�ORJLF�

of the SP3222EU driver and receiver outputs 

can be found in Table 2.  
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6LQFH�UHFHLYHU�LQSXW�LV�XVXDOO\�IURP�D�WUDQV-

mission line where long cable lengths and 

V\VWHP�LQWHUIHUHQFH�FDQ�GHJUDGH�WKH�VLJQDO��

WKH�LQSXWV�KDYH�D�W\SLFDO�K\VWHUHVLV�PDUJLQ�

RI����P9���7KLV�HQVXUHV�WKDW� WKH�UHFHLYHU�

LV� YLUWXDOO\� LPPXQH� WR� QRLV\� WUDQVPLVVLRQ�

lines.  Should an input be left unconnected, 

DQ�LQWHUQDO���.��SXOOGRZQ�UHVLVWRU�WR�JURXQG�

will commit the output of the receiver to a 

+,*+��VWDWH�

Charge Pump
The charge pump is an Exar-patended 
GHVLJQ��8�6�������������DQG�XVHV�D�XQLTXH�
DSSURDFK�FRPSDUHG� WR�ROGHU� OHVV�HI¿FLHQW�
GHVLJQV��7KH�FKDUJH�SXPS�VWLOO�UHTXLUHV�IRXU�
external capacitors, but uses a four-phase 
YROWDJH� VKLIWLQJ� WHFKQLTXH� WR� DWWDLQ� V\P-
PHWULFDO����9�SRZHU�VXSSOLHV��7KH�LQWHUQDO�
SRZHU�VXSSO\�FRQVLVWV�RI�D�UHJXODWHG�GXDO�
charge pump that provides output voltages 
RI�������9� UHJDUGOHVV�RI� WKH� LQSXW� YROWDJH�
�9FF��RYHU�WKH�����9�WR�����9�UDQJH�

,Q� PRVW� FLUFXPVWDQFHV�� GHFRXSOLQJ� WKH�
SRZHU�VXSSO\�FDQ�EH�DFKLHYHG�DGHTXDWHO\�
XVLQJ�D�����)�E\SDVV�FDSDFLWRU�DW�&���UHIHU�
WR�¿JXUHV���DQG������,Q�DSSOLFDWLRQV�WKDW�DUH�
VHQVLWLYH�WR�SRZHU�VXSSO\�QRLVH��GHFRXSOH�
9FF�WR�JURXQG�ZLWK�D�FDSDFLWRU�RI�WKH�VDPH�
YDOXH�DV�FKDUJH�SXPS�FDSDFLWRU�&���3K\VL-
FDOO\�FRQQHFW�E\SDVV�FDSFLWRUV�DV�FORVH�WR�
WKH�,&�DV�SRVVLEOH�

7DEOH�����63����(8�7UXWK�7DEOH�/RJLF�IRU�6KXWGRZQ�

and Enable Control

)LJXUH�����63����(8�63����(8�'ULYHU�/RRSEDFN�

Test Circuit

)LJXUH������/RRSEDFN�7HVW��UHVXOWV�DW�����.ESV

)LJXUH������/RRSEDFN�7HVW��UHVXOWV�DW����NESV

��	�����
��	�	���

��

�"�� �"���

���

���

���

���

��

��

���
���%�

���%�

���%�
�

��

��

��

�

�
�	

�


�

�

���%�

���%�

�����
������

���

��$

�"���"��������
�������

���
����

��� ���!����� �

���

����	���������#

6+'1 EN 7[287 5[287

0 0 Tri-state Active

0 1 Tri-state Tri-state

1 0 Active Active

1 1 Active Tri-state
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The charge pump operates in a discontinu-
RXV�PRGH�XVLQJ�DQ�LQWHUQDO�RVFLOODWRU���,I�WKH�
output voltages are less than a magnitude 
RI����9��WKH�FKDUJH�SXPS�LV�HQDEOHG���,I�WKH�
RXWSXW�YROWDJHV��H[FHHG�D�PDJQLWXGH�RI����9��
the charge pump is disabled.  This oscillator 
controls the four phases of the voltage shift-
ing. A description of each phase follows.

Phase 1
²�9

SS
�FKDUJH�VWRUDJH�²�'XULQJ�WKLV�SKDVH�

RI�WKH�FORFN�F\FOH��WKH�SRVLWLYH�VLGH�RI�FDSDFL-
tors C

1 
and C

2
�DUH�LQLWLDOO\�FKDUJHG�WR�9

CC
.  

C
l
+�LV�WKHQ�VZLWFKHG�WR�*1'�DQG�WKH�FKDUJH�

in C
1

� is transferred to C
2

�.  Since C
2

+ is con-
QHFWHG�WR�9

CC
, the voltage potential across 

capacitor C
2
�LV�QRZ���WLPHV�9

CC
.

 
Phase 2
²�9

SS
 transfer � Phase two of the clock  

connects the negative terminal of C
2
�WR�WKH�9

SS 

storage capacitor and the positive terminal of 
C

2
�WR�*1'���7KLV�WUDQVIHUV�D�QHJDWLYH�JHQHU-

ated voltage to C
3
. This generated voltage is  

UHJXODWHG� WR� D�PLQLPXP� YROWDJH� RI� ����9��� 
Simultaneous with the transfer of the volt-
age to C

3
, the positive side of capacitor C

1
 

LV�VZLWFKHG�WR�9
CC

 and the negative side is 
FRQQHFWHG�WR�*1'�

Phase 3
²�9

''
 charge storage � The third phase of 

WKH�FORFN�LV�LGHQWLFDO�WR�WKH�¿UVW�SKDVH�²�WKH�
charge transferred in C

1
�SURGXFHV�±9

CC
 in 

the negative terminal of C
1
, which is applied 

to the negative side of capacitor C
2
.  Since 

C
2

+�LV�DW�9
CC

, the voltage potential across C
2
 

LV���WLPHV�9
CC

.

Phase 4
²� 9

''
 transfer � The fourth phase of 

the clock connects the negative terminal 
of C

2
� WR�*1'�� DQG� WUDQVIHUV� WKLV� SRVLWLYH�

generated voltage across C
2
 to C

4
, the 

9
''

 storage capacitor.  This voltage is 
UHJXODWHG�WR�����9���$W�WKLV�YROWDJH��WKH�LQ-
ternal oscillator is disabled.  Simultaneous 
with the transfer of the voltage to C

4
, the  

positive side of capacitor C
1
 is switched 

 

WR� 9
CC

 and   the   negative side is con-
QHFWHG� WR� *1'�� DOORZLQJ� � WKH� FKDUJH�
SXPS� F\FOH� WR� EHJLQ� DJDLQ�� � 7KH� FKDUJH�
SXPS� F\FOH� ZLOO� FRQWLQXH� DV� ORQJ� DV� WKH�
operational conditions for the internal  
oscillator are present.

6LQFH�ERWK�9+�DQG�9��DUH�VHSDUDWHO\�JHQHU-
DWHG� IURP� 9

CC
�� LQ� D� QR±ORDG� FRQGLWLRQ� 9+ 

DQG�9��ZLOO�EH�V\PPHWULFDO�� �2OGHU�FKDUJH�
SXPS� DSSURDFKHV� WKDW� JHQHUDWH� 9� from 
9+ will show a decrease in the magnitude 
RI�9���FRPSDUHG�WR�9+ due to the inherent 
LQHI¿FLHQFLHV�LQ�WKH�GHVLJQ� 

7KH�FORFN�UDWH�IRU�WKH�FKDUJH�SXPS�W\SLFDOO\�
RSHUDWHV�DW�JUHDWHU�WKDQ����N+]���7KH�H[WHU-
QDO�FDSDFLWRUV�FDQ�EH�DV�ORZ�DV�����)�ZLWK�
D���9�EUHDNGRZQ�YROWDJH�UDWLQJ�
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Figure 15. Charge Pump � Phase 2

VCC = +5V

VSS Storage Capacitor

VDD Storage Capacitor

C1 C2

C3

C4

+

+

+ +
–

–––

-5.5V

VCC = +5V

–5V –5V

+5V

VSS Storage Capacitor

VDD Storage Capacitor

C1 C2

C3

C4

+

+

+ +
–

–––

Figure 14. Charge Pump � Phase 1

Figure 17. Charge Pump � Phase 3

VCC = +5V

–5V –5V

+5V

VSS Storage Capacitor

VDD Storage Capacitor

C1 C2

C3

C4

+

+

+ +
–

–––

Figure 18. Charge Pump � Phase 4

VCC = +5V

VSS Storage Capacitor

VDD Storage Capacitor

C1 C2

C3

C4

+

+

+ +
–

–––

+5.5V

)LJXUH�����&KDUJH�3XPS�:DYHIRUPV

Ch1   2.00V   Ch2   2.00V   M 1.00µs  Ch1   5.48V

2

1 T

T[ ]

T

+6V

a) C2+

b) C2-

GND

GND

-6V
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ESD TOLERANCE

The SP3222E/SP3232E series incorpo-
UDWHV�UXJJHGL]HG�(6'�FHOOV�RQ�DOO�GULYHU�
RXWSXW�DQG�UHFHLYHU�LQSXW�SLQV��7KH�(6'�
structure is improved over our previous 
IDPLO\�IRU�PRUH�UXJJHG�DSSOLFDWLRQV�DQG�
environments sensitive to electro-static 
discharges and associated transients. The 
LPSURYHG�(6'�WROHUDQFH�LV�DW�OHDVW�+��N9�
without damage nor latch-up.  

7KHUH�DUH�GLIIHUHQW�PHWKRGV�RI�(6'�WHVWLQJ�
DSSOLHG� 
 D��0,/�67'������0HWKRG�������
� E��,(&�����������$LU�'LVFKDUJH
� F��,(&�����������'LUHFW�&RQWDFW 

7KH�+XPDQ�%RG\�0RGHO�KDV�EHHQ�WKH�
JHQHUDOO\� DFFHSWHG� (6'� WHVWLQJ� PHWKRG�
for semi-conductors.  This method is also 
VSHFL¿HG�LQ�0,/�67'������0HWKRG��������
IRU�(6'�WHVWLQJ��7KH�SUHPLVH�RI�WKLV�(6'�WHVW�
LV�WR�VLPXODWH�WKH�KXPDQ�ERG\¶V�SRWHQWLDO�WR�
VWRUH�HOHFWUR�VWDWLF�HQHUJ\�DQG�GLVFKDUJH�LW�
to an integrated circuit.  The simulation is 
SHUIRUPHG�E\�XVLQJ�D�WHVW�PRGHO�DV�VKRZQ�
LQ�)LJXUH�������7KLV�PHWKRG�ZLOO�WHVW�WKH�,&¶V�
FDSDELOLW\� WR� ZLWKVWDQG� DQ� (6'� WUDQVLHQW�
during normal handling such as in manu-
IDFWXULQJ� DUHDV�ZKHUH� WKH� ,&V� WHQG� WR� EH 
KDQGOHG�IUHTXHQWO\�    

7KH�,(&������������IRUPHUO\�,(&������� LV�
JHQHUDOO\�XVHG�IRU�WHVWLQJ�(6'�RQ�HTXLSPHQW�
DQG�V\VWHPV�� �)RU�V\VWHP�PDQXIDFWXUHUV��
WKH\�PXVW� JXDUDQWHH� D� FHUWDLQ� DPRXQW� RI�
(6'� SURWHFWLRQ� VLQFH� WKH� V\VWHP� LWVHOI� LV�
exposed to the outside environment and 
KXPDQ� SUHVHQFH�� � 7KH� SUHPLVH� ZLWK� ,(&�

����������LV�WKDW�WKH�V\VWHP�LV�UHTXLUHG�WR�
ZLWKVWDQG�DQ�DPRXQW�RI�VWDWLF�HOHFWULFLW\�ZKHQ�
(6'�LV applied to points and surfaces of the 
HTXLSPHQW�WKDW�DUH�DFFHVVLEOH�WR�SHUVRQQHO�
during normal usage.  7KH� WUDQVFHLYHU� ,&�
UHFHLYHV�PRVW�RI�WKH�(6'�FXUUHQW�ZKHQ�WKH�
(6'�VRXUFH�LV�DSSOLHG�WR�WKH�FRQQHFWRU�SLQV���
7KH�WHVW�FLUFXLW�IRU�,(&�����������LV�VKRZQ�
on Figure 20.  There are two methods within 
,(&������������ WKH�$LU�'LVFKDUJH�PHWKRG�
DQG�WKH�&RQWDFW�'LVFKDUJH�PHWKRG�� 

:LWK� WKH� $LU� 'LVFKDUJH� 0HWKRG�� DQ� (6'�
YROWDJH� LV�DSSOLHG�WR�WKH�HTXLSPHQW�XQGHU�
test (EUT) through air.  This simulates an 
HOHFWULFDOO\�FKDUJHG�SHUVRQ�UHDG\�WR�FRQQHFW�
D�FDEOH�RQWR�WKH�UHDU�RI�WKH�V\VWHP�RQO\�WR�
¿QG�DQ�XQSOHDVDQW�]DS�MXVW�EHIRUH�WKH�SHUVRQ�
WRXFKHV�WKH�EDFN�SDQHO���7KH�KLJK�HQHUJ\�
potential on the person discharges through 
DQ�DUFLQJ�SDWK�WR�WKH�UHDU�SDQHO�RI�WKH�V\VWHP�
EHIRUH�KH�RU�VKH�HYHQ�WRXFKHV�WKH�V\VWHP���
7KLV�HQHUJ\��ZKHWKHU�GLVFKDUJHG�GLUHFWO\�RU�
WKURXJK�DLU��LV�SUHGRPLQDQWO\�D�IXQFWLRQ�RI�WKH�
discharge current rather than the discharge 
YROWDJH���9DULDEOHV�ZLWK�DQ�DLU�GLVFKDUJH�VXFK�
DV�DSSURDFK�VSHHG�RI�WKH�REMHFW�FDUU\LQJ�WKH�
(6'�SRWHQWLDO� WR�WKH�V\VWHP�DQG�KXPLGLW\�
will tend to change the discharge current.  
For example, the rise time of the discharge 
current varies with the approach speed.

7KH�&RQWDFW�'LVFKDUJH�0HWKRG�DSSOLHV�WKH�
(6'�FXUUHQW�GLUHFWO\�WR�WKH�(87���7KLV�PHWKRG�
ZDV�GHYLVHG�WR�UHGXFH�WKH�XQSUHGLFWDELOLW\�
RI�WKH�(6'�DUF���7KH�GLVFKDUJH�FXUUHQW�ULVH�
WLPH�LV�FRQVWDQW�VLQFH�WKH�HQHUJ\�LV�GLUHFWO\�
WUDQVIHUUHG�ZLWKRXW�WKH�DLU�JDS�DUF���,Q�VLWX-
DWLRQV�VXFK�DV�KDQG�KHOG�V\VWHPV��WKH�(6'�
FKDUJH� FDQ� EH� GLUHFWO\� GLVFKDUJHG� WR� WKH�

)LJXUH�����(6'�7HVW�&LUFXLW�IRU�+XPDQ�%RG\�0RGHO

   

RC

Device
Under
Test

DC Power 
Source

CS

RS

SW1 SW2
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  DEVICE PIN     HUMAN BODY    IEC61000-4-2
     TESTED           MODEL          Air Discharge     Direct Contact         Level

'ULYHU�2XWSXWV� ������������+��N9� � ����+��N9��������� �������+�N9� �������������

5HFHLYHU�,QSXWV� ������������+��N9� � ����+��N9�������� �������+�N9� �������������

HTXLSPHQW� IURP�D�SHUVRQ�DOUHDG\�KROGLQJ�
WKH�HTXLSPHQW���7KH�FXUUHQW�LV�WUDQVIHUUHG�
RQ� WR� WKH�NH\SDG�RU� WKH�VHULDO� SRUW�RI� WKH�
HTXLSPHQW�GLUHFWO\�DQG�WKHQ�WUDYHOV�WKURXJK�
WKH�3&%�DQG�¿QDOO\�WR�WKH�,&�

The circuit models in Figures 19 and 20 rep-
UHVHQW�WKH�W\SLFDO�(6'�WHVWLQJ�FLUFXLW�XVHG�IRU�
all three methods.  The C

S
�LV�LQLWLDOO\�FKDUJHG�

ZLWK� WKH� '&� SRZHU� VXSSO\� ZKHQ� WKH� ¿UVW�
VZLWFK��6:���LV�RQ���1RZ�WKDW�WKH�FDSDFLWRU�
LV�FKDUJHG��WKH�VHFRQG�VZLWFK��6:���LV�RQ�
ZKLOH�6:��VZLWFKHV�RII���7KH�YROWDJH�VWRUHG�
in the capacitor is then applied through R

S
, 

the current limiting resistor, onto the device 
XQGHU�WHVW��'87����,Q�(6'�WHVWV��WKH�6:��
switch is pulsed so that the device under 
test receives a duration of voltage. 

)RU� WKH� +XPDQ� %RG\� 0RGHO�� WKH� FXUUHQW�
limiting resistor (R

S
) and the source capacitor 

(C
S
��DUH����N��DQ����S)��UHVSHFWLYHO\���)RU�

,(&������������WKH�FXUUHQW�OLPLWLQJ�UHVLVWRU�
(R

S
) and the source capacitor (C

S
��DUH������

DQ����S)��UHVSHFWLYHO\.  

  
)LJXUH�����(6'�7HVW�:DYHIRUP�IRU�,(&���������

 

)LJXUH�����(6'�7HVW�&LUFXLW�IRU�,(&���������

7DEOH�����7UDQVFHLYHU�(6'�7ROHUDQFH�/HYHOV

  

RS 
and

 

RV 
add up to 330Ω for IEC61000-4-2.

RC

Device
Under
Test

DC Power 
Source

CS

RS

SW1 SW2

RV

Contact-Discharge Model

t = 0ns t = 30ns

0A

15A

30A

��
�

���

The higher C
S
 value and  lower R

S
 value in 

WKH�,(&����������PRGHO�DUH�PRUH�VWULQJHQW�
WKDQ� WKH�+XPDQ�%RG\�0RGHO�� �7KH� ODUJHU�
VWRUDJH� FDSDFLWRU� LQMHFWV� D� KLJKHU� YROWDJH�
WR�WKH�WHVW�SRLQW�ZKHQ�6:��LV�VZLWFKHG�RQ���
The lower current limiting resistor increases 
the current charge onto the test point.
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PACKAGE: 16 PIN SSOP
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PACKAGE: 16 PIN WSOIC
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ORDERING INFORMATION

1RWH����75��LV�IRU�WDSH�DQG�5HHO�RSWLRQ����/��LV�IRU�OHDG�IUHH�SDFNDJLQJ

Part Number Temp. Range Package

63����(8&$�/ 0°C to +70°C ���3LQ�6623

63����(8&$�/�75 0°C to +70°C ���3LQ�6623

63����(8&7�/ 0°C to +70°C ���3LQ�:62,&

63����(8&7�/�75 0°C to +70°C ���3LQ�:62,&

63����(8&<�/ 0°C to +70°C ���3LQ�76623

63����(8&<�/�75 0°C to +70°C ���3LQ�76623

63����(8($�/ -40°C to +85°C ���3LQ�6623

63����(8($�/�75 -40°C to +85°C ���3LQ�6623

63����(8(7�/ -40°C to +85°C ���3LQ�:62,&

63����(8(7�/�75 -40°C to +85°C ���3LQ�:62,&

63����(8(<�/ -40°C to +85°C ���3LQ�76623

63����(8(<�/�75 -40°C to +85°C ���3LQ�76623

Part Number Temp. Range Package

63����(8&$�/ 0°C to +70°C ���3LQ�6623

63����(8&$�/�75 0°C to +70°C ���3LQ�6623

63����(8&1�/ 0°C to +70°C ���3LQ�162,&

63����(8&1�/�75 0°C to +70°C ���3LQ�162,&

63����(8&3�/ 0°C to +70°C ���3LQ�3',3

63����(8&7�/ 0°C to +70°C ���3LQ�:62,&

63����(8&7�/�75 0°C to +70°C ���3LQ�:62,&

63����(8&<�/ 0°C to +70°C ���3LQ�76623

63����(8&<�/�75 0°C to +70°C ���3LQ�76623

63����(8($�/ -40°C to +85°C ���3LQ�6623

63����(8($�/�75 -40°C to +85°C ���3LQ�6623

63����(8(<�/ -40°C to +85°C ���3LQ�76623

63����(8(<�/�75 -40°C to +85°C ���3LQ�76623
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5(9,6,21�+,6725<

          Notice

(;$5�&RUSRUDWLRQ�UHVHUYHV�WKH�ULJKW�WR�PDNH�FKDQJHV�WR�DQ\�SURGXFWV�FRQWDLQHG�LQ�WKLV�SXEOLFDWLRQ�LQ�RUGHU�WR�LPSURYH�GHVLJQ��SHUIRUPDQFH�RU�UHOL-
DELOLW\���(;$5�&RUSRUDWLRQ�DVVXPHV�QR�UHSUHVHQWDWLRQ�WKDW�WKH�FLUFXLWV�DUH�IUHH�RI�SDWHQW�LQIULQJHPHQW��&KDUWV�DQG�VFKHGXOHV�FRQWDLQHG�KHUHLQ�DUH�
RQO\�IRU�LOOXVWUDWLRQ�SXUSRVHV�DQG�PD\�YDU\�GHSHQGLQJ�XSRQ�D�XVHU
V�VSHFL¿F�DSSOLFDWLRQ��:KLOH�WKH�LQIRUPDWLRQ�LQ�WKLV�SXEOLFDWLRQ�KDV�EHHQ�FDUHIXOO\�
FKHFNHG��QR�UHVSRQVLELOLW\��KRZHYHU��LV�DVVXPHG�IRU�LQDFFXUDFLHV�

(;$5�&RUSRUDWLRQ�GRHV�QRW�UHFRPPHQG�WKH�XVH�RI�DQ\�RI�LWV�SURGXFWV�LQ�OLIH�VXSSRUW�DSSOLFDWLRQV�ZKHUH�WKH�IDLOXUH�RU�PDOIXQFWLRQ�RI�WKH�SURGXFW�FDQ�
UHDVRQDEO\�EH�H[SHFWHG�WR�FDXVH�IDLOXUH�RI�WKH�OLIH�VXSSRUW�V\VWHP�RU�WR�VLJQL¿FDQWO\�DIIHFW�LWV�VDIHW\�RU�HIIHFWLYHQHVV��3URGXFWV�DUH�QRW�DXWKRUL]HG�IRU�
XVH�LQ�VXFK�DSSOLFDWLRQV�XQOHVV�(;$5�&RUSRUDWLRQ�UHFHLYHV��LQ�ZULWWLQJ��DVVXUDQFHV�WR�LWV�VDWLVIDFWLRQ�WKDW���D��WKH�ULVN�RI�LQMXU\�RU�GDPDJH�KDV�EHHQ�
PLQLPL]HG����E��WKH�XVHU�DVVXPHV�DOO�VXFK�ULVNV���F��SRWHQWLDO�OLDELOLW\�RI�(;$5�&RUSRUDWLRQ�LV�DGHTXDWHO\�SURWHFWHG�XQGHU�WKH�FLUFXPVWDQFHV�

&RS\ULJKW������(;$5�&RUSRUDWLRQ

'DWDVKHHW�'HFHPEHU�����

)RU�WHFKQLFDO�TXHVWLRQV�SOHDVH�HPDLO�([DU
V�6HULDO�7HFKQLFDO�6XSSRUW�JURXS�DW���VHULDOWHFKVXSSRUW#H[DU�FRP

5HSURGXFWLRQ��LQ�SDUW�RU�ZKROH��ZLWKRXW�WKH�SULRU�ZULWWHQ�FRQVHQW�RI�(;$5�&RUSRUDWLRQ�LV�SURKLELWHG�

'$7( 5(9,6,21 '(6&5,37,21

02/31/06 -- /HJDF\�6LSH[�'DWDVKHHW

12/08/10 1.0.0 Convert to Exar Format and update ordering information.
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