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#HARGE�0UMP�2EGULATOR
FOR�#OLOR�4&4�0ANEL

SEAMLESSLY�MAINTAINED�WHEN�SWITCHING�FROM�SCANNING�MODE�TO�

BLANKING�MODE�OR�VICE�VERSA�

4HE�!$-�����HAS�A�NUMBER�OF�POWER�SAVING�FEATURES��INCLUDING�

LOW�POWER�SHUTDOWN�AND�REDUCED�QUIESCENT�CURRENT�CONSUMPTION�

DURING�THE�BLANKING�PERIODS�MENTIONED�ABOVE��4HE�����6�OUTPUT�

CONSUMES�THE�MOST�POWER��SO�POWER�EFlCIENCY�IS�ALSO�MAXIMIZED�

ON�THIS�OUTPUT�WITH�AN�OSCILLATOR�ENABLING�SCHEME��'REEN�)DLE©	��

4HIS�EFFECTIVELY�SENSES�THE�LOAD�CURRENT�THAT�IS�mOWING�AND�TURNS�

ON�THE�CHARGE�PUMP�ONLY�WHEN�CHARGE�NEEDS�TO�BE�DELIVERED�TO�

THE���6�PUMP�DOUBLER�OUTPUT�

4HE�!$-�����IS�FABRICATED�USING�#-/3�TECHNOLOGY�FOR�MINIMAL�

POWER�CONSUMPTION��4HE�PART�IS�PACKAGED�IN���
LEAD�,&#30��

AND�433/0�PACKAGES�
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0OWER�%FlCIENCY�/PTIMIZED�FOR�5SE�WITH�4&4�IN�

-OBILE�0HONES

,OW�1UIESCENT�#URRENT

,OW�3HUTDOWN�#URRENT�����M!	

&AST�4RANSIENT�2ESPONSE

3HUTDOWN�&UNCTION

0OWER�3AVING�DURING�"LANKING�0ERIOD

/PTION�TO�5SE�%XTERNAL�,$/
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(ANDHELD�)NSTRUMENTS

4&4�,#$�0ANELS

#ELLULAR�0HONES

'%.%2!,�$%3#2)04)/.

4HE�!$-�����IS�A�CHARGE�PUMP�REGULATOR�USED�FOR�COLOR�THIN�

lLM�TRANSISTOR��4&4	�LIQUID�CRYSTAL�DISPLAYS��,#$S	��5SING�

CHARGE�PUMP�TECHNOLOGY��THE�DEVICE�CAN�BE�USED�TO�GENERATE�THREE�

OUTPUT�VOLTAGES�������6�¢�����������6��n�����6	�FROM�A�SINGLE�

��6�INPUT�SUPPLY��4HESE�OUTPUTS�ARE�THEN�USED�TO�PROVIDE�

SUPPLIES�FOR�THE�,#$�CONTROLLER������6	�AND�THE�GATE�DRIVES�FOR�

THE�TRANSISTORS�IN�THE�PANEL��������6�AND�n�����6	��/NLY�A�FEW�

EXTERNAL�CAPACITORS�ARE�NEEDED�FOR�THE�CHARGE�PUMPS��!N�EFlCIENT�

LOW�DROPOUT�VOLTAGE�REGULATOR�ALSO�ENSURES�THAT�THE�POWER�

EFlCIENCY�IS�HIGH�AND�PROVIDES�A�LOW�RIPPLE�����6�OUTPUT��4HIS�

,$/�CAN�BE�SHUT�DOWN�AND�AN�EXTERNAL�,$/�USED�TO�REGULATE�

THE���6�DOUBLER�OUTPUT�AND�DRIVE�THE�INPUT�TO�THE�CHARGE�PUMP�

SECTION��WHICH�GENERATES�THE�������6�AND�n�����6�OUTPUTS�IF�SO�

REQUIRED�BY�THE�USER�

4HE�!$-�����HAS�AN�INTERNAL�����K(Z�OSCILLATOR�FOR�USE�IN�

SCANNING�MODE��BUT�THE�PART�MUST�BE�CLOCKED�BY�AN�EXTERNAL�CLOCK�

SOURCE�IN�BLANKING��LOW�CURRENT	�MODE��4HE�INTERNAL�OSCILLATOR�IS�

USED�TO�CLOCK�THE�CHARGE�PUMPS�DURING�SCANNING�MODE�WHERE�THE�

CURRENT�IS�HIGHEST��$URING�BLANKING�PERIODS��THE�!$-�����

SWITCHES�TO�USE�AN�EXTERNAL��LOWER�FREQUENCY�CLOCK��4HIS�ALLOWS�THE�

USER�TO�VARY�THE�FREQUENCY�AND�MAXIMIZE�POWER�EFlCIENCY�DURING�

BLANKING�PERIODS��4HE�TOLERANCES�ON�THE�OUTPUT�VOLTAGES�ARE�
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4HIS�IS�A�STRESS�RATING�ONLY��FUNCTIONAL�OPERATION�OF�THE�DEVICE�AT�THESE�OR�ANY�OTHER�

CONDITIONS�ABOVE�THOSE�INDICATED�IN�THE�OPERATIONAL�SECTIONS�OF�THIS�SPECIlCATION�IS�

NOT�IMPLIED��%XPOSURE�TO�ABSOLUTE�MAXIMUM�RATING�CONDITIONS�FOR�EXTENDED�PERIODS�

OF�TIME�MAY�AFFECT�RELIABILITY�
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%3$��ELECTROSTATIC�DISCHARGE	�SENSITIVE�DEVICE��%LECTROSTATIC�CHARGES�AS�HIGH�AS������6�READILY�ACCUMULATE�

ON�THE�HUMAN�BODY�AND�TEST�EQUIPMENT�AND�CAN�DISCHARGE�WITHOUT�DETECTION��!LTHOUGH�THE�!$-�����

FEATURES�PROPRIETARY�%3$�PROTECTION�CIRCUITRY��PERMANENT�DAMAGE�MAY�OCCUR�ON�DEVICES�SUBJECTED�TO�HIGH�

ENERGY�ELECTROSTATIC�DISCHARGES��4HEREFORE��PROPER�%3$�PRECAUTIONS�ARE�RECOMMENDED�TO�AVOID�PERFORMANCE�

DEGRADATION�OR�LOSS�OF�FUNCTIONALITY�
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GROUND�IS�REQUIRED�ON�THIS�PIN�

���������������� ���������������� ,$/?). �������������� 6OLTAGE�2EGULATOR�)NPUT��4HE�USER�HAS�THE�OPTION�TO�BYPASS�THIS�CIRCUIT�USING�THE

,$/?/.�G>>�PIN�

���������������� ���������������� ��6/54 ������������� �����6�/UTPUT�0IN��4HIS�IS�DERIVED�BY�DOUBLING�AND�REGULATING�THE���6�SUPPLY��!�����«&�CA


PACITOR�TO�GROUND�IS�REQUIRED�ON�THIS�PIN�TO�STABILIZE�THE�REGULATOR�

���������������� ���������������� ��6). ����������������� �����6�)NPUT�0IN��4HIS�IS�THE�INPUT�TO�THE�VOLTAGE�TRIPLER�AND�DOUBLER�INVERTER�CHARGE�PUMP�

CIRCUITS�

���������������� ���������������� ,$/?/.�G>> ���� #ONTROL�,OGIC�)NPUT����6�#-/3�LOGIC��!�LOGIC�HIGH�SELECTS�THE�INTERNAL�,$/�FOR�REGULATION�OF�

THE���6�VOLTAGE�DOUBLER�OUTPUT��!�LOGIC�LOW�ISOLATES�THE�INTERNAL�,$/�FROM�THE�REST�OF�THE�CHARGE�

PUMP�CIRCUITS��4HIS�ALLOWS�THE�USE�OF�AN�EXTERNAL�,$/�TO�REGULATE�THE���6�VOLTAGE�DOUBLER�

OUTPUT��4HE�OUTPUT�OF�THIS�,$/�IS�THEN�FED�BACK�INTO�THE�VOLTAGE�TRIPLER�AND�DOUBLER�INVERTER�

CIRCUITS�OF�THE�!$-�����

���������������� ���������������� K@<F ����������������� $IGITAL�)NPUT����6�#-/3�LOGIC��!CTIVE�LOW�SHUTDOWN�CONTROL��4HIS�SHUTS�DOWN�THE�TIMING�

GENERATOR�AND�ENABLES�THE�DISCHARGE�CIRCUIT�TO�DISSIPATE�THE�CHARGE�ON�THE�VOLTAGE�OUTPUTS��

THUS�DRIVING�THEM�TO���6�

��������������� ���������������� 3#!.�:D9FC ���� $RIVE�-ODE�)NPUT����6�#-/3�LOGIC��!�LOGIC�HIGH�PLACES�THE�PART�IN�SCAN��HIGH�CURRENT	�MODE�

AND�THE�CHARGE�PUMP�IS�DRIVEN�BY�THE�INTERNAL�OSCILLATOR��!�LOGIC�LOW�PLACES�THE�PART�IN�BLANKING�

�LOW�CURRENT	�MODE�AND�THE�CHARGE�PUMP�IS�DRIVEN�BY�THE��SLOWER	�EXTERNAL�OSCILLATOR��4HIS�IS�

A�POWER�SAVING�FEATURE�ON�THE�!$-�����

��������������� ���������������� #,+). ���������������� %XTERNAL�#,/#+�)NPUT��$URING�A�BLANKING�PERIOD��THE�OSCILLATOR�CIRCUIT�SELECTS�THIS�PIN�TO�DRIVE�

THE�CHARGE�PUMP�CIRCUIT��4HIS�IS�AT�A�LOWER�FREQUENCY�THAN�THE�INTERNAL�OSCILLATOR��RESULTING�IN�

LOWER�QUIESCENT�CURRENT�CONSUMPTION��THUS�SAVING�POWER�

��������������� ��������������� ���6/54 ����������� ������6�/UTPUT�0IN��4HIS�IS�DERIVED�BY�TRIPLING�THE������6�REGULATED�OUTPUT��!���«&�CAPACITOR�

IS�REQUIRED�ON�THIS�PIN�

������������� ������������� #�n��#��� ������������ %XTERNAL�CAPACITOR�#��IS�CONNECTED�BETWEEN�THESE�PINS��!���«&�CAPACITOR�IS�RECOMMENDED�

������������� ������������� #�n��#��� ������������ %XTERNAL�CAPACITOR�#��IS�CONNECTED�BETWEEN�THESE�PINS��!���«&�CAPACITOR�IS�RECOMMENDED�

������������� ������������� #�n��#��� ������������ %XTERNAL�CAPACITOR�#��IS�CONNECTED�BETWEEN�THESE�PINS��!���«&�CAPACITOR�IS�RECOMMENDED�

��������������� ��������������� n��6/54������������ n�����6�/UTPUT�0IN��4HIS�IS�DERIVED�BY�DOUBLING�AND�INVERTING�THE������6�REGULATED�OUTPUT��

!���«&�CAPACITOR�IS�REQUIRED�ON�THIS�PIN�

��������������� ��������������� '.$�������������������� $EVICE�'ROUND�0IN�
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!$-����

n�n

3#!..).'�!.$�",!.+).'�

!�4&4�,#$�PANEL�IS�ESSENTIALLY�MADE�UP�OF�A�BANK�OF�CAPACITORS��

EACH�REPRESENTING�A�PIXEL�IN�THE�DISPLAY��4HESE�CAPACITORS�STORE�

DIFFERENT�LEVELS�OF�CHARGE��DEPENDING�ON�THE�AMOUNT�OF�LUMINES


CENCE�REQUIRED�FOR�A�GIVEN�PIXEL��7HEN�A�PICTURE�IS�BEING�DISPLAYED�

ON�THE�PANEL��A�SCAN�OF�ALL�THE�PIXEL�CAPACITORS�IS�PERFORMED��PLACING�

DIFFERENT�LEVELS�OF�CHARGE�ON�EACH�IN�ORDER�TO�CREATE�THE�IMAGE��4HE�

PROCESS�OF�UPDATING�THE�DISPLAY�LIKE�THIS�IS�CALLED�hSCANNING�v�/NCE�

SCANNED��AN�IMAGE�WILL�BE�HELD�BY�PIXEL�CAPACITANCE�AND�THE�CON


TROLLER�AND�SOURCE�LINE�DRIVERS�CAN�BE�PUT�INTO�A�LOW�POWER�MODE��

4HIS�LOW�POWER�MODE�IS�REFERRED�TO�AS�THE�BLANKING�MODE�ON�THE�

!$-������/VER�A�lNITE�PERIOD�OF�TIME��THIS�PIXEL�CHARGE�WILL�LEAK�

AND�THE�CAPACITORS�WILL�HAVE�TO�BE�REFRESHED�IN�ORDER�TO�MAINTAIN�

THE�IMAGE�

4HE�!$-�����CATERS�TO�THE�TWO�MODES�OF�OPERATION�DESCRIBED�

ABOVE�AS�FOLLOWS��7HEN�THE�4&4�,#$�PANEL�IS�IN�SCANNING�MODE��

A�LOGIC�HIGH�ON�THE�3#!.�:D9FC�INPUT�PLACES�THE�DEVICE�IN�HIGH�

CURRENT�POWER�MODE��PROVIDING�EXTRA�POWER��EXTRA�CURRENT	�TO�THE�

,#$�CONTROLLER�AND�THE�SOURCE�LINE�DRIVERS��)F�THE�PANEL�CONTINUES�

TO�BE�UPDATED��AS�WHEN�A�MOVING�PICTURE�IS�BEING�DISPLAYED	��THEN�

THE�!$-�����CAN�BE�CONTINUALLY�OPERATED�IN�SCANNING�MODE��)F�

THE�SAME�IMAGE�IS�KEPT�ON�THE�PANEL��A�LOGIC�LOW�IS�APPLIED�TO�THE�

3#!.�:D9FC�INPUT�AND�THE�!$-�����ENTERS�BLANKING��LOW�

CURRENT	�MODE��$EPENDING�ON�HOW�OFTEN�THE�IMAGE�IS�BEING�UPDATED��

THE�!$-�����CAN�BE�OPERATED�WITH�A�VARIABLE�3#!.�:D9FC�

DUTY�CYCLE��4HIS�HELPS�TO�MAXIMIZE�POWER�EFlCIENCY�AND�THEREFORE�

EXTENDS�THE�BATTERY�LIFE�

���

���

T2 T&

T(

T4

T2��2)3%�4)-%

T&��&!,,�4)-%

T(
T4
 ��������$549�#9#,%

&IGURE���� $UTY�#YCLE�OF�%XTERNAL�#LOCK

0/7%2�3%15%.#).'

4HE�GATE�DRIVE�SUPPLIES�MUST�BE�SEQUENCED�SUCH�THAT�THE�n���6�

SUPPLY�IS�UP�BEFORE�THE�����6�SUPPLY�FOR�THE�4&4�PANEL�TO�POWER�

UP�CORRECTLY��4HE�!$-�����CONTROLS�THIS�SEQUENCE��7HEN�THE�

DEVICE�IS�TURNED�ON��A�LOGIC�HIGH�ON�K@<F	��THE�!$-�����ALLOWS�

THE�n���6�OUTPUT�TO�RAMP�IMMEDIATELY�BUT�HOLDS�OFF�THE�����6�

OUTPUT��)T�CONTINUES�TO�DO�THIS�UNTIL�THE�NEGATIVE�OUTPUT�HAS�REACHED�

n��6��!T�THIS�POINT��THE�POSITIVE�OUTPUT�IS�ENABLED�AND�ALLOWED�TO�

RAMP�UP�TO�����6��4HIS�SEQUENCE�IS�HIGHLIGHTED�IN�&IGURE���

6##

,/!$

3#!.�7A6C@

%84%2.!,�#,/#+

H=9C

��6

���6

n��6

T&�6

T&��6

T2��6

T2��6

T2�6

T$%,!9

T&��6

n�6���

���

���

���

&IGURE����0OWER�3EQUENCE�

42!.3)%.4�2%30/.3%

4HE�!$-�����FEATURES�EXTREMELY�FAST�TRANSIENT�RESPONSE��MAKING�

IT�VERY�SUITABLE�FOR�FAST�IMAGE�UPDATES�ON�4&4�,#$�PANELS��4HIS�

MEANS�THAT�EVEN�UNDER�CHANGING�LOAD�CONDITIONS�THERE�IS�STILL�VERY�

EFFECTIVE�REGULATION�OF�THE���6�OUTPUT��40#S����AND����SHOW�HOW�

THE�����6�OUTPUT�RESPONDS�WHEN�A�MAXIMUM�LOAD�IS�DYNAMICALLY�

CONNECTED�AND�DISCONNECTED��.OTE�THAT�THE�OUTPUT�SETTLES�WITHIN�

��«S�TO�LESS�THAN����OF�THE�OUTPUT�LEVEL�

%84%2.!,�#,/#+

4HE�!$-�����HAS�AN�INTERNAL�����K(Z�OSCILLATOR��BUT�AN�EXTERNAL�

CLOCK�SOURCE�CAN�ALSO�BE�USED�TO�CLOCK�THE�PART��4HIS�CLOCK�SOURCE�

MUST�BE�APPLIED�TO�THE�#,+).�PIN��0OWER�IS�SAVED�DURING�BLANK


ING�PERIODS�BY�DISABLING�THE�INTERNAL�OSCILLATOR�AND�SWITCHING�TO�

THE�LOWER�FREQUENCY�EXTERNAL�CLOCK�SOURCE��4O�ACHIEVE�OPTIMUM�

PERFORMANCE�OF�THE�CHARGE�PUMP�CIRCUITRY��IT�IS�IMPORTANT�THAT�THE�

DUTY�CYCLE�OF�THE�EXTERNAL�CLOCK�SOURCE�BE�����AND�THAT�THE�RISE�

AND�FALL�TIMES�BE�LESS�THAN����NS�

�����������
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