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Abstract
Portable electronic equipments are using widespread 
in daily life. These rechargeable batteries and their 
charge and monitoring circuits used in these electronic 
equipments are important. Therefore, these batteries 
and their charge circuits must be recognize for right 
selection and usage. In this work, these components, 
which are using commonly are investigated and 
compared. Terms for characteristic specifications of 
batteries are detailed explain. In addition, integrated 
controller based intelligent battery charge and its 
monitoring circuit is designed.

Keywords: Rechargeable batteries, charge and 
monitoring circuits.

1. *LULúùDUM� HGLOHELOLU� EDWDU\DODU�� J�Q�P�]� WHNQRORMLVLQLQ�\D\JÕQ� RODUDN� NXOODQÕODQ� WDúÕQDELOLU� HY� GL]� �VW�� �ODS�WRS��ELOJLVD\DUODU��WHOVL]�YH�FHS�WHOHIRQODUÕ�JLEL�SRUWDtif HOHNWURQLN� FLKD]ODUGD� J�o� ND\QD÷Õ� RODUDN�NXOODQÕOPDNWDGÕU�� 1RUPDO� SLOOHUH� RUDQOD� GDKD�HNRQRPLNWLUOHU�� $QFDN� EX� SLOOHU� FLKD]ÕQ� LoLQGH�W�POHúLN� RODUDN� EXOXQPX\RUVD�� \DQL� V|N�O�S�WDNÕODELOHQ� VWDQGDUW� SLO� \XYDODUÕ� YH\D� SDNHWL� úHNOLQGH�LVH�� R� ]DPDQ� � FLKD]ÕQ LoLQGH� úDUM� HGLOHELOLU� SLOOHU� LoLQ�
gerekli olan güç yönetimi (power management) 
devresi olmayabilir. Güç yönetimi devresi elektro PHNDQLN� ELU� VLVWHPLQ� LúOHYLQL� \HULQH� JHWLULUNHQ�NXOODQGÕ÷Õ�HQHUML\L�HQ�HNRQRPLN�úHNLOGH�NXOODQDELOPHVL�LoLQ�� VLVWHPLQ� NXOODQÕOPD\DQ� NÕVÕPODUÕQÕQ� HQHUMLVLQL�D]DOWDQ� YH\D� NDSDWDQ�� EDWDU\DODUÕQ� GXUXPXQX�NXOODQÕFÕ\D� ELOGLUHQ�� SLOOHULQ� ]D\ÕIODPDVÕ� GXUXPXQGD�úDUM� HGLOPHVLQL�VD÷OD\DQ�GHYUHOHUGLU��(QHUML��UHWLPLQLQ�oHYUH�NLUOLOL÷LQH�QHGHQ�ROPDVÕ��D]�HQHUML�KDUFDQPDVÕ\OD�oHYUH�NLUOLOL÷LQin de önüne geçilmesine neden olmakta YH� HQHUML� ND\QDNODUÕQÕQ� GDKD� YHULPOL� NXOODQÕOPDVÕQD�RODQDN� VD÷ODPDNWDGÕU�� %DWDU\DODUÕQ� úDUM� � HGLOPHVLQGH��KÕ]OÕ�úDUM���fast charging��YH�\DYDú�úDUM��slow charging) VD÷OD\DQ� GHYUHOHU� NXOODQÕOÕU�� +Õ]OÕ� úDUM� GHYUHOHUL�
dikNDWOH� WDVDUODQPDOÕ� YH� EDWDU\D� NLP\DVÕ� EDNÕPÕQGDQ�VRQ�GHUHFH�J�YHQLOLU�ROPDOÕGÕU��*�Q�P�]GH�NXOODQÕODQ�úDUM�HGLOHELOLU�EDWDU\DODUÕQ�\D\JÕQ�RODUDN�NXOODQÕODQODUÕ�
Sealed-Lead-Acid (SLA), Nickel-Cadmium (NiCd),
Nickel-Metal-Hydride (NiMH) ve Lithium-Ion (Li-
Ion) tipleridir. Li-Ion tipi birçok portatif uygulama için NLP\DVDO� EDNÕPGDQ� HQ� X\JXQ� VHoLPGLU�� d�QN�� KDILI�ROPDVÕ� YH� NLP\DVDO� \DSÕVÕ� QHGHQL\OH� \�NVHN� ELU�
kapasite-E�\�NO�N� �D÷ÕUOÕN�� RUDQÕ� YH� G�ú�N� ELU�

NHQGLOL÷LQGHQ� GHúDUM� (self discharge�� NDUDNWHULVWL÷L�
sunar. %X�oDOÕúPD�<ÕOGÕ]�7HNQLN�hQLYHUVLWHVL�$UDúWÕUPD�)RQX�WDUDIÕQGDQ� ³*H]JLQ� 5RERW´� DUDúWÕUPD� SURMHVL�NDSVDPÕQGD�GHVWHNOHQPLúWLU�
2. 3RUWDWLI� 'RQDWÕPODUGD� ùDUM� (GLOHELOLU�%DWDU\DODUÕQ�gQHPL�%DWDU\D� VHoLPL� LoLQ�� EDWDU\DODUÕQ� DúD÷ÕGD� YHULOHQ� ED]Õ�
özelliklerine dikkat edilmesi gerekir.
1. Amper-VDDW�NDSDVLWHVL��&��YH�K�FUH�YROWDMÕ�
2. Çoklu hücre düzenleri: Seri/paralel 

kombinasyonlar, Benzer gereksinimler 
3. $÷ÕUOÕN�YH�KDFLP�
4. %DWDU\D�SDNHWLQLQ�IL\DWÕ
5. %DWDU\D�NLP\DVÕ�

a) Sealed-Lead-Acid (SLA)
b) Nickel-Cadmium (NiCd)
c) Nickel-Metal-Hydride (NiMH)
d) Lithium-Ion (Li-Ion)
e) Lithium-0HWDO��'L÷HUOHULQH�J|UH�\HQL��%DWDU\D� � VHoLPL� � YH� � X\JXQ� � úDUM� � GHYUHOHULQLQ��WDVDUÕPÕQGD��JHOLúPHOHU�oRN�KÕ]OÕGÕU��3RUWDWLI�HOHNWURQLN�GRQDWÕPODUGD� D÷ÕUOÕN�� NDSDVLWH� YH� IL\DW� EDúOÕFD� |QHPOL�XQVXUODUGÕU� 1H� \D]ÕN� NL�� EX� XQVXUODU� ELUELUOHUL\OH�ROXPOX� HWNLOHúPH� LoLQGH� GH÷LOOHUGLU�� JHQHOGH�X\XúPD]ODU�� <DYDú� úDUM� �úDUM� V�UHVL� ��� VDDWWHQ� ID]OD��GHYUHOHUL�QLVSHWHQ�EDVLWNHQ�KÕ]OÕ�úDUM�GHYUHOHUL��EDWDU\D��NLP\DVÕQD� �X\XPOX�KDOH�JHWLULOPHOL� � YH� �KHU� � LNLVL� �GH��

güYHQOL� � úDUMÕ� � YH� � úDUMÕQ� ELWLPLQL� VD÷ODPDOÕGÕU��%DWDU\DODUÕQ� QRUPDOGHQ� ID]OD� úDUM� HGLOPHVL�� |PU�Q�D]DOPDVÕQD��DúÕUÕ�GHUHFHGH�ÕVÕQPD\D��WHKOLNHOL�DúÕQGÕUÕFÕ�JD]ODUÕQ� \D\ÕOPDVÕQD� YH� ED]HQ� EDWDU\DQÕQ� WDP� RODUDN�W�NHQPHVLQH� QHGHQ� RODELOLU�� %X� VHEHSWHQ� GROD\Õ�� KÕ]OÕ�úDUM�GHYUHOHULQGH��JHQHOOLNOH�E�Q\HVLQGH�EXOXQDQ��úDUMÕ�
bitirmek için tavsiye edilen temel bitirme yöntemine LOLúNLQ�� \HGHN� SDUoDODUOD� GHVWHNOHQHUHN� ELU� |QFHNL�\|QWHP� KDWDVÕ� \RN� HGLOPHOLGLU�� $QODúÕOGÕ÷Õ� �]HUH��EDWDU\D� úDUM� HOHNWURQL÷L�� KHP� EDWDU\D� úDUM� YH� GHúDUM�NDUDNWHULVWL÷L� ELOJLVL� KHP� GH� úDUM� VRQODQGÕUPD�
teknikleri gerektirir. 

3. Batarya Temelleri 
Batarya kapasitesi (C), A-saat veya mA-saat ile EHOLUOHQLU� YH� EDWDU\D� |PU�� LOH� úDUMODUÕ� DUDVÕQGD�GHUHFHOHQGLUPH� IDNW|U�G�U�� %DWDU\D� DNÕPÕ� &-2UDQÕ�
birimi LOH�WDQÕPODQÕU��gUQHN�RODUDN�������P$-h 'lik bir EDWDU\D�������ÕQ$���&-2UDQÕQD�VDKLSWLU����&
\H�NDUúÕOÕN�JHOHQ� DNÕP� ����� P$
GLU� YH� ���� &
\H� NDUúÕOÕN� JHOHQ�



DNÕP�GD�����P$
GLU��%HOLUOL�ELU�K�FUH�WLSL�LoLQ��D\QÕ�&-2UDQÕ� GH÷HULQH� VDKLS� GH÷LúLN� NDSDVLWHOL� K�FUelerin GDYUDQÕúÕ�EHQ]HUOLN�J|VWHULU��
3.1. C-2UDQÕ�
1. %DWDU\D�úDUM�YH�GHúDUM�DNÕPODUÕ�&-2UDQÕ�GH÷HUL�LOH�EHOLUOLGLU��QRUPDOL]H�HGLOPLú�GH÷HU��
2. C-2UDQÕ� �&�����VDDW��%XUDGD�&��$-saat veya mA-

saat ile belirlenen batarya kapasitesidir.gUQH÷LQ��
1000 mA 'lik bir batarya için:��&�
\H�NDUúÕOÕN�JHOHQ�DNÕP������P$����&�
\H�NDUúÕOÕN�JHOHQ�DNÕP�����P$����&�
\H�NDUúÕOÕN�JHOHQ�DNÕP������P$��ROXU�

3. %HOLUOL� ELU� K�FUH� WLSL� LoLQ�� D\QÕ�&-2UDQÕ� GH÷HULQH�VDKLS� GH÷LúLN� NDSDVLWHOL� K�FUHOHULQ� GDYUDQÕúÕ�
benzerlik gösterir. 

Tablo 1
GH� EDWDU\DODUÕQ� NDUDNWHULVWLN� |]HOOLNOHULQL�EHOLUOHPHN� LoLQ� NXOODQÕODQ� GH÷HUOHULQ� ELU� |]HWL�YHULOPHNWHGLU�� $\UÕFD� 7DEOR� �
GHNL� GH÷HUOHU� \DNODúÕN�RODUDN� EDúWDQ� VRQD� EDWDU\D� WHNQRORMLVL� NURQRORMLVL�GLNNDWH�DOÕQDUDN�YHULOPLúWLU��.HQGLOL÷LQGHQ� GHúDUM�� \�NV�]� GHúDUM� RODQ� ELU� EDWDU\D��]HULQGHNL�RUDQGÕU��%X�|]HOOLN�DoÕVÕQGDQ�/L-Ion tipteki 
bataryalar NiCd ve NiMH tipindeki bataryalardan GDKD� L\LGLU��'HúDUM�RUDQÕ��PDNVLPXP�JHoLú�\�N��YH\D�GHúDUM�DNÕPÕ�ROXS�&-2UDQÕ�ELULPL�LOH�EHOLUOHQLU��ùDUM�YH�GHúDUM� SHUL\RWODUÕQÕQ� VD\ÕVÕ�� ELU� EDWDU\DQÕQ� GHúDUM� YH�WHNUDU� úDUM� HGLOHELOPHVL� LoLQ� JHUHNOL� RODQ� RUWDODPD�]DPDQ� GH÷HUOHUL� ROXS� EDWDU\DQÕQ� NXOODQÕP� |PU�Q�Q�
ölçüsüdür. 

3.2. ùDUM� (GLOHELOLU� %DWDU\DODUÕQ�
Derecelendirme Faktörleri 

1. +�FUH�YROWDMÕ�
2. Kapasite : C, A-saat (A-h) veya mA-saat (mA-h) 

birimleri 
3. (QHUML�\R÷XQOX÷X��+DFLP��� Watt-saat/litre (Wh/1) 

birimi 
4. (QHUML� \R÷XQOX÷X� �$÷ÕUOÕN�� � Watt-saat/kilogram 

(Wh/kg) birimi 
5. Fiyat : $/Wh birimi 
6. +DIÕ]D�HIHNWL"�

7. .HQGLOL÷LQGHQ� GHúDUM� RUDQÕ� ���� �D\� YH\D��� �J�Q�
birimleri 

8. dDOÕúPD�VÕFDNOÕ÷Õ�GD÷ÕOÕPÕ�
9. Çevresel etkiler 
Bellek, sadece NiCd bataryalara mahsus nadir bir |]HOOLNWLU�� 3HUL\RGLN� GHúDUM� ER\XQFD� EHOLUOL� ELU�VHYL\HGH� YH� ELU� VRQUDNL� úDUMD� NDGDU� ROXúXU��'HúDUMGDQ�VRQUD� K�FUH� YROWDMÕ� QRUPDOLQ� RQODUFD�YROW� DOWÕQD�G�úHU�
ve geriye kalan dHúDUMÕQ� WDPDPODQPDVÕ� LoLQGLU��
Hücrenin toplam A-VDDW� NDSDVLWHVL� FLGGL� ELU� úHNLOGH�HWNLOHQPH]�� (÷HU� K�FUH� KHPHQ� KHPHQ� ERúDOPÕúVD� YH�DUGÕQGDQ�ELU�\D� GD� LNL�NH]�GDKD�úDUM� HGLOPLúVH�� EHOOHN�ELU�SUREOHP�WHúNLO�HWPH]�o�QN��1L&G�EDWDU\D�SDNHWOHUL�QDGLUHQ� WHNUDU� úDUM� HGLOPHGHQ� D\QÕ� VHYL\HGH� GHúDUM�
edilir. dHYUHVHO� HWNLOHU�� WHKOLNHOL� PHWDO� LoHULNOHULQGHQ� GROD\Õ�6/$�YH�1L&G�EDWDU\DODUÕQ�\RN� HGLOPHVL�DúDPDODUÕQGD�RUWD\D� oÕNDU�� 1L0+� YH� /L,RQ� EDWDU\DODU� |QHPOL�PLNWDUGD�DWÕN� LoHUPH]OHU�DPD�\RN�HGLOPHOHUL�VÕUDVÕQGD�ED]Õ�|QOHPOHU�DOÕQPDOÕGÕU���ùHNLO��
GH�EX�oRN�NXOODQÕODQ��� WLS� EDWDU\DQÕQ� GHúDUM� |]HOOLNOHUL� �SURILOOHUL��J|VWHULOPLúWLU�� +HU� GXUXP� LoLQ� ���&� GHúDUM� DNÕPÕ�NXOODQÕOPÕúWÕU�� 6/$�EDWDU\DODU� ROGXNoD�G�]�ELU�\DSÕ\D�
sahipken LiIon bataryalar hemen hemen lineer �GR÷UXVDO��GHúDUM�NDUDNWHULVWL÷LQH�VDKLSWLU��

7DEOR����ùDUM�HGLOHELOLU�EDWDU\D�WHNQRORMLOHUL�
SLA     NiCd*   NiMH*     LiIon*   LiM* 2UWDODPD�K�FUH�YROWDMÕ��� 2    1.20    1.25      3.6      3.0 (QHUML�\R÷XQOX÷X��:K�NJ���� 35   45    55        100      140 (QHUML�\R÷XQOX÷X��:K������� 85   50    150       225      300 

Fiyat ($/Wh)       0.25-0.50   0.75 - 1.50   1.5 - 3.0   2.5 - 3.5   1.4 - 3.0 
Bellek etkisi?     KD\ÕU evet KD\ÕU KD\ÕU KD\ÕU.HQGLOL÷LQGHQ�GHúDUM����D\���� 5 - 10   25    20 - 25       8          1 - 2 'HúDUM�RUDQÕ������������������ <5C      >10C   <3C          <2C        <2C ùDUM�GHúDUM�SHUL\RWODUÕ������� 500      1000   800       1000       1000 6ÕFDNOÕN�DUDOÕ÷Õ���&���������� 0 - +50   -10 - +20   -10 - +50   -10 - +50   -30 - +55 
Çevresel etkiler evet evet KD\ÕU KD\ÕU KD\ÕU
*AA-6L]H�K�FUH�WDEDQOÕ

'HúDUM�]DPDQÕ��VDDW�ùHNLO����%DWDU\D�GHúDUM�H÷ULOHUi (0.2 C ‘de)



4. %DWDU\DODUÕQ�ùDUM�(GLOPHVL*HQHOOHúWLULOPLú� EDWDU\D� úDUM� GHYUHVL� ùHNLO� �
GH�J|VWHULOPLúWLU�� %DWDU\D�� V�UHNOL� � VDELW� ELU� DNÕPOD�WDPDPHQ� GROXQFD\D� NDGDU� úDUM� HGLOLU�� 6DELW� DNÕPÕ�V�UG�UPHN�LoLQ�NXOODQÕODQ�5SENSE direnciQH�NDUúÕ�YROWDM�DUWDFDNWÕU�� 9ROWDM� V�UHNOL� RODUDN� GHQHWOHQLU� YH� JLULú�
operasyonu A/D çeviricisine sahip bir PLNURGHQHWOH\LFLQLQ� NRQWURO�� DOWÕQGDGÕU�� 'H÷LúHQ�

EDWDU\D�VÕFDNOÕ÷Õ� YH� RUWDP� VÕFDNOÕ÷ÕQÕ� GHQHWOHPHN� LoLQ�VÕFDNOÕN�DOJÕOD\ÕFÕODUÕ�NXOODQÕOÕU��
BöylH�ELU�GHYUH��\�NVHN�VHYL\HOL��NDUPDúÕN�YH�|QFHOLNOL�RODUDN�KÕ]OÕ�úDUM�X\JXODPDODUÕQGD�NXOODQÕODQ�ELU�GHYUH\L�WHPVLO�HWPHNWHGLU�YH�úDUM�]DPDQÕ���VDDWWHQ�D]GÕU��9ROWDM�YH�ED]HQ�GH�VÕFDNOÕ÷Õ�J|U�QW�OHPHN�LoLQ�EDWDU\D�YH�úDUM�VRQX� GXUXPODUÕQÕ� EHOLUOHPHN� JHUHNOLGLU�� <DYDú� \DQL�

úDUM�]DPDQÕ����VDDWWHQ�D]�RODQ�úDUM�GDKD�D]�NDUPDúÕNWÕU�YH� SUDWLN� DNÕP� ND\QD÷Õ� JHUHNWLULU�� 7DEOR� �
GH� \DYDú�úDUMÕQ� WLSLN� NDUDNWHULVWLN� |]HOOLNOHUL� J|VWHULOPLúWLU��ùDUMÕQ� ELWLULOPHVLQH� DLW� ELOJL� NDUPDúÕN� GH÷LOGLU� � DQFDN��1L0+��EDWDU\DODUÕQ� \DYDú� �úDUM��HGLOPHVL��VRQXFXQGD��ELU� � ]DPDQOD\ÕFÕ� NXOODQÕOPDOÕGÕU�� (÷HU� WDEORGD� úDUMÕQ�
bitirilmesine ait bilgi yoksa belirsiz periyotlarda EDWDU\D� LoLQ� DNÕP� úDUMÕ� J�YHQLOLU� RODFDNWÕU�� %X� DNÕP�

NiMH bataryalar için genellikle 0.03C'dir. Yani C=1 
A- saat 'lik bir NiMH batarya için 30 mA güvenilir �X\JXQ�� RODFDNWÕU�� %DWDU\D� �UHWLFLOHUL� |]HO� EDWDU\D� WLS�YH� ER\XWODUÕ� LoLQ� DNÕP� úDUMÕ� DNÕP� OLPLWOHULQL�
önermektedirler. +Õ]OÕ� úDUM� HGLOHQ�EDWDU\DODU� �úDUM� V�UHVL���VDDWWHQ�GDKD�D]�� GDKD� NDUPDúÕN� WHNQLNOHUL� JHUHNWLULU�� ùHNLO� �
WH� HQ�oRN� NXOODQÕODQ� �� EDWDU\D� WLSL� LoLQ� KÕ]OÕ� úDUM� |]HOOLNOHUL�|]HWOHQPLúWLU�� øúLQ� HQ� ]RU� NÕVPÕ�� úDUMÕQ� QH� ]DPDQ�VRQODQDFD÷ÕQD� NDUDU� YHUPHNWLU�� %DWDU\DQÕQ� WDP� úDUM��ROPDPDVÕ�� NDSDVLWHVLQLQ� G�úPHVLQH�� HOHNWUROLWWHQ�LVWHQPH\HQ� JD]ODUÕQ� oÕNÕúÕQD� YH� EHONL� GH� EDWDU\DQÕQ�SDWODPDVÕQD�VHEHS�RODELOLU��8\JXQ�ELU�úDUM�VRQODQPDVÕQÕQ�|QHPLQGHQ�GROD\Õ�ELULQFL�YH� LNLQFL� \|QWHPOHU� NXOODQÕOÕU��%DWDU\DQÕQ� WLSLQH�ED÷OÕ�RODUDN�úDUM�VRQODQPDVÕ��WHPHO�RODUDN�EDWDU\D�YROWDMÕQÕQ��YROWDMÕQ� ]DPDQD� ED÷OÕ��� VÕFDNOÕN� GH÷LúLPL� �VÕFDNOÕN�GH÷LúLPLQLQ� ]DPDQD� ED÷OÕ��� WDP� YROWDMGDNL� PLQLPXP�DNÕP�� úDUM� V�UHVL� YH\D� EXQODUÕQ� oHúLWOL�NRPELQDV\RQODUÕQÕQ�GHQHWOHQPHVL��J|U�QW�OHQPHVL��LOH�\DSÕOÕU��%DWDU\D� YROWDMÕ� YH� VÕFDNOÕN� \|QWHPL�� 1L&G� YH� 1L0+�EDWDU\DODUÕQ� úDUM� HGLOPHVLQGH� úDUM� VRQODQGÕUÕOPDVÕ� LoLQ�HQ�oRN�NXOODQÕODQ�\|QWHPOHUGLU��%X�LNL�EDWDU\D�WLSL�LoLQ�K�FUH�YROWDMÕ�YH�VÕFDNOÕ÷ÕQ�]DPDQOD�GH÷LúLPL�ùHNLO��
WH�

ùHNLO����*HQHOOHúWLULOPLú�EDWDU\D�úDUM�GHYUHVL

7DEOR����<DYDú�úDUM�LoLQ�EDWDU\D�úDUM�NDUDNWHULVWLNOHUL�
SLA NiCd NiMH LiIon$NÕP 0.25 C 0.1 C 0.1 C 0.1 C

Voltaj (V/hücre) 2.27 1.50 1.50 4.l veya 4.2

Zaman (saat) 24 16 16 16

SÕFDNOÕN�DUDOÕ÷Õ���&� 0°- 45°C 5°- 45°C 5°- 40°C 5°- 40°CùDUM�%LWLPL yok yok ]DPDQOD\ÕFÕ YROWDM�VÕQÕUÕ

<DNODúÕN�WDP�úDUM�]DPDQÕ��������KDWDOÕ�úDUM�]DPDQÕ
Zaman (saat)ùHNLO����1L&G�1L0+�EDWDU\D VÕFDNOÕ÷Õ�YH�YROWDMÕ�úDUM�NDUDNWHULVWLNOHUL�

+�FUH�YROWDMÕ
+�FUH�VÕFDNOÕ÷Õ



görülmektedir. NiCd batarya hücresel voltajda keskin 
bir tepeye sahipken NiMH batarya daha az belirli bir 
tepeye sahiptir vH� EX�� H÷ULGH� QRNWDOÕ� oL]JLOHUOH�J|VWHULOPLúWLU�� 1L&G� EDWDU\D� LoLQ� HQ� ELOLQHQ� \|QWHP��K�FUH�YROWDMÕQÕQ� WHSH�GH÷HUH�XODúWÕNWDQ� VRQUD����P9
D�G�úW�÷��YH�E|\OHFH�úDUMÕQ�VRQODQGÕ÷Õ�-∆V yöntemidir. +HU� LNL� \|QWHPGH� GH� VÕFDNOÕN� WDP� úDUMD� \DNÕQ� RODFDN�úHNLOGH� \�NVHOLU�� 1L0+� EDWDU\DQÕQ� NDUDNWHULQGHNL�EHOLUJLQ� ROPD\DQ� YROWDMÕQ� WHSH� GH÷HULQGHQ� GROD\Õ�VÕFDNOÕ÷ÕQ� ]DPDQD� J|UH� GH÷LúLPL� �G7�GW�� LON� �ELULQFLO��úDUM�VRQODQPD�\|QWHPL�RODUDN�NXOODQÕOÕU��
Birincil sonlanmaya ek olarak ikincil sonlanmalar da 
ek bir koruma için \HGHN� RODUDN� NXOODQÕOÕU�� 1L&G� YH�
NiMH hücreler için birincil ve ikincil yöntemler Tablo ��
GH�|]HWOHQPLúWLU��%�W�Q�EX�\|QWHPOHU��JHQHOOLNOH��ELU��PLNURGHQHWOH\LFL� � WDUDIÕQGDQ� � GHQHWOHQLU�� � 8\JXQ��VLQ\DO�X\DUODPDVÕQGDQ�VRQUD�K�FUHVHO�YROWDM�YH�VÕFDNOÕN�
sayÕVDO� E�\�NO�NOHUH� G|Q�úW�U�O�U�� %XQX�
mikrodenetleyici içinde bulunan 8 ya da 10-bit A/D G|Q�úW�U�F�OHU�\DSDU��
Li-,RQ� K�FUH� VDELW� DNÕP� ND\QD÷Õ� LOH� úDUM� HGLOLS� K�FUH�YROWDMÕ� \DYDú� \DYDú� \�NVHOLUNHQ� GL÷HU� NLP\DVDOODUGDQ�ROGXNoD� IDUNOÕ� GDYUDQÕU�� /L-Ion EDWDU\D� LoLQ� LGHDO� úDUM�ND\QD÷Õ�DNÕP�VÕQÕUODPDOÕ�VDELW�YROWDM�ND\QD÷ÕGÕU��ED]HQ�VDELW� DNÕP� -CC- bazen de sabit voltaj -CV- denir). 6DELW� DNÕP� K�FUH\H�� K�FUH� YROWDMÕ� EDWDU\D� YROWDMÕQD�HULúLQFH\H� NDGDU� X\JXODQÕU� �/L-Ion hücreler için en 
fazla 4.2 V ± 50mV 'dXU�� %D]Õ� �UHWLFLOHULQ� K�FUHOHUL�WDP� úDUMD� ���� 9� 
WD� XODúÕU��� %X� QRNWDGD�� úDUM� GHYUHVL�

VDELW�DNÕPGDQ�VDELW�YROWDMD�DWODU�YH�úDUM�DNÕPÕ�\DYDúoD�G�úHU��%X�G�ú�ú�Q�VHEHEL�LoVHO�K�FUH�GLUHQFLGLU��$NÕP�EHOLUOHQPLú� PLQLPXP� GH÷HU� RODQ� ,PLQ� µLQ� DOWÕQD�G�úHUVH� úDUM� VD÷ODQPÕú� ROXU�� %DWDU\D� VDELW� DNÕP�PRGXQGD\NHQ� WRSODP� úDUMÕQ� KHPHQ� KHPHQ� ���
LQH�XODúÕOÕU�YH�HQ�VRQ�RODUDN�VDELW�YROWDM�PRGX�ER\XQFD�GD�����VD÷ODQÕU��(÷HU� K�FUH� VÕFDNOÕ÷Õ� PDNVLPXP� GH÷HULQH� XODúÕUVD�LNLQFLO� úDUM� VRQODQPDVÕ� JHQHOOLNOH� ELU� ]DPDQOD\ÕFÕ� LOH�
elde edilir (TCO-Temperature Cutoff). 
Li-,RQ� EDWDU\DODUÕQ� QRUPDOGHQ� ID]OD� úDUM� HGLOPHVLQH�NDUúÕ� VRQ� GHUHFH� GX\DUOÕ� ROPDVÕ� |QHPOL� ELU� QRNWDGÕU��1RUPDO� úDUMD� J|UH� IDUN�� oRN�oRN�D]�ROVD�ELOH� WHKOLNHOL�ELU�SDWODPD\D�\D�GD�EDWDU\DQÕQ�|PU�Q�Q�FLGGL�DQODPGD�
azalmaVÕQD� VHEHS� RODELOLU�� %X� VHEHSOH�� úDUM� YROWDMÕQÕQ�LVWHQLOHQ� ���9
OXN� GH÷HULQ� �� ��P9� \DNÕQÕQGD� RODFDN�úHNLOGH�NRQWURO�HGLOPHVL�oRN�|QHPOLGLU��dRN� VD\ÕGD� /L-Ion hücre içeren batarya paketleri JHQHOOLNOH� HúOHúPLú� K�FUHOHU� YH� YROWDM� HúLWOH\LFLOHUOH�
üretilir. 'Õú�úDUM�GHYUHOHUL�úDUM�DNÕPÕQÕ�NRQWURO�HGHU�YH�EDWDU\D� SDNHWL� LoLQGHNL� YROWDMÕ� J|U�QW�OHU�� +HU� ELU�K�FUHQLQ� YROWDMÕ� D\UÕFD� J|U�QW�OHQLU� YH� K�FUHOHU�X]DNWDNL� )(7
OHULQ� GHúDUM� YROWDMÕQGDQ� GDKD� \�NVHN�YROWDMD� VDKLSWLUOHU�� 1RUPDOGHQ� ID]OD� úDUMÕQ� WHKOLNHOHUL�

g|]� DUGÕ� HGLOGL÷LQGH�� /L-Ion hücrenin kapasitesi ile EDWDU\D�YROWDMÕ� DUDVÕQGDNL� LOLúNL� �ùHNLO��
WH�J|VWHULOGL÷L�JLELGLU�� (÷HU� EDWDU\D� VDGHFH� ���P9� IDUN� LOH� úDUMÕ�ELWPHPLúVH� NDSDVLWHVLQLQ� ���
XQX� ND\EHGHFHNWLU�� %X�
sebeple Li-,RQ� úDUM� GHYUHOHULQGH� VRQ� úDUM� GH÷HULQLQ�
mutlaka kontrol edilmesi gerekir. 

7DEOR����+Õ]OÕ�úDUM�LoLQ�EDWDU\D�úDUM�NDUDNWHULVWLNOHUL�
SLA NiCd NiMH LiIon$NÕP >1.5C >1C >1C >1C

Voltaj (V/hücre) 2.45 1.50 1.50 4.l veya 4.2±50mV

Zaman (saat) ≤1.5 ≤3 ≥3 2.56ÕFDNOÕN�DUDOÕ÷Õ���&� 0°- 30°C 15°- 40°C 15°- 40°C 10°- 40°C

Birincil sonlanma Imin , ∆TCO -∆V , dT/dt dT/dt , dV/dt=0 ,PLQ�#�YROWDM�VÕQÕUÕøNLQFLO�VRQODQPD Timer , ∆TCO TCO , Timer TCO , Timer TCO , Timer&� �1RUPDO�.DSDVLWH���,PLQ� �0LQLPXP�$NÕP-(úLN�6RQX���7&2� �0XWODN�6ÕFDNOÕN�.HVPHVL���∆7&2� �2UWDP�6ÕFDNOÕN�IDUNÕ

ùDUM�=DPDQÕ��VDDW�ùHNLO����/L-,RQ�KÕ]OÕ�úDUM�NDUDNWHULVtikleri

+�FUH�YROWDMÕ +�FUH�DNÕPÕ

+�FUH�YROWDMÕ�9� +�FUH�DNÕPÕ��&��

IMIN

Kapasite  ( % )

Son BataU\D�9ROWDMÕ��9�ùHNLO����/L-,RQ�EDWDU\D�YROWDMÕ�LOH�NDSDVLWH�DUDVÕQGDNL�LOLúNL



5. 7�POHúLN�ùDUM�'HYUHOHUL<XNDUÕGDNL� DoÕNODPDODUGDQ� DQODúÕOÕ\RU� NL�� X\JXQ� ELU�úDUM� LoLQ� K�FUH� NLP\DVÕQGDQ� ]L\DGH� EDWDU\D� YROWDMÕ� YH�DNÕPÕQÕQ�NRQWURO��GDKD�E�\�N�ELU�|QHP�WDúÕU��%DWDU\D�úDUM� YH� L]OHPH� DPDoOÕ� W�POHúLN� GHYUHOHU�� EX� LúOHPLQ�GDKD� NROD\� \DSÕOPDVÕQÕ� VD÷ODU�� gUQHN� RODUDN� Analog'HYLFH� ILUPDVÕQD� DLW� $'3���������� W�POHúLN� GHYUH�VHULOHUL� YHULOHELOLU�� %X� W�POHúLN� GHYUHOHU� 6WDQGDUW� /L-
Ion hücre ya da hücrelerinin 4.2 V ( 1 hücre), 8.4 V (2 
hücre), 12.6 V (3 hücre) ve 16.8 V (4 hücre) GH÷HUOHULQLQ� NHVLQOLNOH� G�]HQOHQPHVLQL� VD÷ODU�� /L-Ion K�FUHOHULQLQ� úDUM� HGLOPHVLQGH� K�FUHVHO� YROWDMÕQ� VRQ�GH÷HULQLQ� |QHPL� oRN� E�\�NW�U�� ùDUM� DNÕPÕQÕQ� GH÷HUL�GÕúDUÕGDQ� X\JXODQDQ� YROWDM� LOH� NRQWURO� HGLOHELOLU�� ùDUM�DNÕPÕ�� ELU� JLULú� XFX� YROWDMÕ� LOH� GHQHWOHQLS� VDELW�
tutulabilir. ADP3810/3811, buck, flyback ve lineer 
regülatör gibi farklÕ tipleri olan bir DC-DC 
dönüútürücüye sahiptir. ADP3810/3811 akÕm ve voltaj 
döngülerinin kesin kontrolünü sa÷lar. ùarj akÕm 
de÷eri, RCS , R3 , GM1 den oluúan geri besleme 
döngüsü, DC-DC dönüútürücü ve VCTRL giriúindeki 
DC voltaj ile kontrol edilir.  

6. Sonuç$UDúWÕUÕODUDN�LQFHOHQHQ�J�o�\|QHWLPLQGH�|QHPOL�ELU�\HU�WXWDQ� úDUM� HGLOHELOHQ� EDWDU\DODU� YH� úDUM� GHYUHOHUL�NRQXVXQGD� \HWHUOL� ELOJL� ELULNLPL� ROXúWXUPXúWXr. Bu oDOÕúPDQÕQ� GHYDPÕQGD�� HOGH� HGLOHQ� ELOJL� ELULNLPL�NXOODQÕODUDN�ELU�JH]JLQ�URERWXQ�J�o�\|QHWLP�GHYUHVLQLQ�YH�EDWDU\D�VLVWHPLQLQ�WDVDUODQPDVÕ�G�ú�Q�OPHNWHGLU�
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