
- I - 

�

�������

��� � ��� � � �� 	 �

�����

�

�

�� � � � � � Self Refresh	
 � � � 
 � � � �

� � � � � �� � � � � � � �  �

Auto Temperature Compensated Self Refresh 

Characteristic Analysis and Testing Methodology for 

Low Power DRAM 

 

 

 

! " # $% & '  

    ( ) * + $, - .   / 0  

 

. 1 2 3 4 5 6 7 8 9 



- II - 

�� � � � � � Self Refresh	
 � � � 
 � � � �

� � � � � �� � � � � � � �  �

Auto Temperature Compensated Self Refresh 

Characteristic Analysis and Testing Methodology for 

Low Power DRAM 
 

� � ��� � �           Student�Chia-Jen Wu 

� 	 
 � ��
 �  � �     Advisor�Dr. Hao-Chung Kuo  
                                

 
 

� � � � � � 
� � ��  � � �� � ��  

� � �   
 

A Thesis 

Submitted to College of Electrical and Computer Engineering 

National Chiao Tung University 

in partial Fulfillment of the Requirements 

for the Degree of  

Master of Science 

in 

Electronics and Electro-Optical Engineering 

April 2007 

 
Hsinchu, Taiwan, Republic of China 

 
�������� 	 
 



- III - 

�� 
 � � � � Self Refresh � � � � 
 � ! � " # � � � �

� � � � �  ! " # $ % $

$

���� � � $$$$$$$$$$$$$$$$$$$$$$$� 	 
 � ��
 � $� �$

� � � � � �  � � � �   � � � � � � � � � %  

& '$ $ $ $ $ $  

�

( )*+ , - . / (Portable)0� � 1 2 3 )3 4 *5 67 8 9 :

; 0� � < = > ? @A B C D E FG H I7 8 9 J K ! � " # L M N

(DRAM)@O - P Q C R S 7 8 9 : ; 0> ? *6- T J U V W X

Self Refresh(ATCSR)YZ [ \ ] ^ L M N _ G ` H )a 7 J K ! �

" # L M N (DRAM) bcd W e ”(Refresh)f: ; 8 9 0gh i > ?

FG H Ibj � � k l m n 0 Refresh o p F ATCSR o q r s t *

 � @uD v ATCSR0h i w x *y z Ym { | } 0� ~ �� � �

� 0� 	 N � � � *6� � � �0� � )� � � ATCSR h i 0- �

�*j � � � u5 DRAM 0 ATCSR � x 	 � *6D E g0� �

� x Fo q I 



- IV - 

Auto Temperature Compensated Self Refresh Characteristic 

Analysis and Testing Methodology for Low Power DRAM 

 

Student�Chia-Jen Wu             Advisors�Dr. Hao-Chung Kuo 

                                                

Degree Program of Electrical and Computer Engineering 

National Chiao Tung University 

 

ABSTRACT 

In recent years, due to the increasing number of Portable electronic 

products, the specifications of electronic parts for low-power 

consumption have been proposed continuously for various applications. 

Inevitably, the specifications for low-power Dynamic Random Access 

Memory (DRAM) have also been established. The design of Auto 

Temperature Compensated Self Refresh (ATCSR) is a new design 

specification and application for memory suppliers in the world to reduce 

the power consumption of DRAM in refreshing. In this paper, the method 

of ATCSR is compared with traditional refreshing methods. The concepts 

for designing ATCSR will also be described. A real circuit after the 

complete manufacturing process of semi-conductor products is used for 

analyzing the electric characteristic to investigate the applicability of 

ATCSR. Finally, a new testing concept and testing method will be 

proposed by adopting the specifications of ATCSR in DRAM design. 
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� � � ��� � ��X�� � � � �� 
�� �� � (Portable)��� � ��

� ��� k BPDAB~�- � k BUSB � P �� � ���� � ���=   ~�

� a ��� � �,�
¡ �c d (Power Consumption)¢£ ¤ ¥ ¦ ��§¨�© ¡

�c d ¢£ ª «ª ¬�­®� � a �� � �ȳ °��±(�² )6³ � �< ´ �

 !�� ��� k �µ k  !���� «�b ¶ ·k ¸ ¹ ST U�º�(Density) 

ª «ª = »¡ �c d ¼ ½ ¢£ ª «ª ¬�� ��IDD1(Operation Current)	 IDD6 

(Self Refresh Current)�b ¶ ·k ¸ ¹ ST U(DRAM)¾
¿ Q �ÀÁÂMOS�

g U(Transistor)"ÁÂ�º(Capacitor)Q ÃÁÂST UM N(Cell)��Ä�º< =

�Å Æ ¨�Ç �(Leakage)�Å Æ �¾Äb ¶ ·k ¸ ¹ ST UÈ É yÊ ]� !�

,Ä�ºËÌ ÍRefresh(ÎÏ Ð )Ñ�­Ò � ST UM N�
�� � 2�Ó � 

�s�Ô Õ Öb ¶ ST U�q ��� NF°3 × b ¶ ·k ¸ ¹ ST U

(Synchronous DRAM�
\Ø Ù SDR(Single Data Rate) SDRAM " DDR(Double 

Data Rate) SDRAM)BÚ�Û ¶ ·k ¸ ¹ ST U(Pseudo SRAM)	� Ü �b ¶ ·k

¸ ¹ ST U�� NF-- CellularRAM (� k ÖX��ST U� ��
q ¢¿ Ý 3 ×

b ¶ ·k ¸ ¹ ST U(SDRAM)	Ú�Û ¶ ·k ¸ ¹ ST U(PSRAM)�� �)�Þ

ß ST U@ à ¢ Refresh«� � ST UM N�
�� � ��
á � y� Refresh

�â a � Self Refresh( ã ä a ÎÏ Ð )å Hidden Refresh(æ ç a ÎÏ Ð )�23 �À

� Refresh�¡ ³ ,�b ¶ ·k ¸ ¹ ST U��Ä�è ¢	2éåê �¾ÄÜ ë

ì �,� Refresh�¡ ³ 	�í î ¬ Refresh �¡ �c d &ïð b k � 
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1.2****+ - .+ - .+ - .+ - .  

ñ��b ¶ ·k ¸ ¹ ST U­ FPM/EDOxq ��
X�q ¢��Âò �ó

(PC)Ö�ST U�ô (Memory Module)	Áß õ ö  PC �� Uh ÷ ���� � B

CDROM����Þß � Uh ÷ ��±éÀ±±2ø �J� �±ùú �¾Äb ¶

·k ¸ ¹ ST Uû °ü ��ý k ��þ¡ �c d �§û °�Ä¦ ��½ ¢£ �ñ

��b ¶ ·k ¸ ¹ ST U Refresh â a ° CBR Refresh(CAS Before RAS Refresh) 

	 ROR Refresh(RAS Only Refresh)��(Ä�� Refresh � 6Á� � ¨�Á�

Refresh)�Ä�� Refresh à ¢°i  � � åk 	 «i  í  
 Refresh�¾ÄÄ

 �� Refresh�h i 01� � �x RefreshST U�
� � �¡ ³ �
��þ

Ä �b ¶ ·k ¸ ¹ ST U����jx 5 � � (V)������b � � � 100 

� � � (mA)� 

    � ��Ë��3 × b ¶ ·k ¸ ¹ ST U(SDRAM) � �b ¶ ·k ¸ ¹ S

T U����jî x 3.3 � � (V)�� Vî x 1.8 � � (V)������î V 50

� � � (mA)­6�¡ �B�j%���' (�(1-1)' (a � 

IVP ×=  

���j	����@ � � �î ¬�:U�¡ �c d §� � 6î �   �b ¶ ·k

¸ ¹ ST U Refresh â a §°� � �� z�� �� � CBR Refresh(
! " � x

Auto Refresh)�¡ ³ # ¸ yJ��$ J% & � Self Refresh�¡ ³ �Ä¡ ³ ��

��'_ ` ,3 × b ¶ ·k ¸ ¹ ST U2�( í ¸ ¹  ��) ¢ST U� � *  

!� ¸ + �­®, ;�Î� ��G 1.1	G 1.2x Auto Refresh" Self Refresh�

HI G� 

   

 

 

 

(1-1) 

G1.1 : Auto Refresh HI G 

RAS# 

CKE 

CLK 

 High  High  High 

CAS# 

1t 1t
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Auto Refresh% Self Refreshy��c d �°¤ ¥ = �á � �
\ IDD5 - � 

Auto Refresh���c d ��IDD6 - � Self Refresh���c d ��­ 128Mb�

SDRAM x. �IDD5�� �x 225 mA (/ �x 133Mhz )�� IDD6x 3 mA� 


\�á � y�b ¶ ·k ¸ ¹ ST U�
� Refresh / ���G 1.1	G 1.2\� 

t1 " t2� t1 x 60 ns�� t2 x 15.0$�s�ÀÄé1 Self Refresh �a 6�
¡

�c d �� ,0 Auto Refresh ¬�   �yÁ2 ��� � ��� � �
7µ k  

!(Standby) , , � �3 � � !� 745�¾Ä Self Refresh�¡ �c d 6 � 7 �

Jè ¢� 

    V�̄ 8 Ô Õ Öb ¶ ST U�q �NF9 °Ú�Û ¶ ·k ¸ ¹ ST U

(Pseudo SRAM)	 CellularRAM�Ä��ST U� �� Refresh â a x Hidden 

(æ ç a ) Refresh�Äâ a % Self Refresh � : �23 ;y�2à ¢6( í Refresh

� � �ÀST U�
ã Ì � � Refresh�K L 	¡ ³ �G 1.3	G 1.4x SDRAMB

Pseudo SRAMJ
K L %�
 Refresh K L �' (HI G� 

    �s�y� Á- SDRAM� JEDEC < = � �\°4 5 Ï > Self Refresh(TCSR)

�¡ ³ �Ä¡ ³ �­J
�4 5 W X�(Thermometer)«W XJ
4 5 �z{ Ë�

? 	 ST U�
 Refresh�/ ��
���éî ¬¡ �c d �4 5 Ï > Refresh

év x 1@)B4@)B70)	 8@)$A�4 5 Ï > Refresh�/ ���
 IDD6�

���� ��� 1.1� 

À4 5 Ï > Refresh� B C & Ö Hidden(æ ç a ) Refresh�¡ ³ à £ �D z 

E $ ÁÂ� �4 5 Ï > Self Refresh�h i F C �éã b 4 5 Ï > Self$Refresh 

G1.2 : Self Refresh HI G$

RAS# 

CKE 

CLK 

CAS# 

 Low  Low  Low 

2t 2t
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(Auto Temperature Compensated Self Refresh(ATCSR))�
G HF C ��I Áô 4

5 W X�(Thermometer)�Z�J KW X�
4 5 �z{ Ë�ã b ? 	 ST U�


Refresh�/ ��
 ATCSR ¡ ³ é� L 	­®î ¬ Hidden(æ ç a ) Refresh�/

��­°M î ¬ST U�¡ �c d �  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comment Self-Ref 
Exit 

Self-Ref 
Entry 

Active Self-Refresh Time 

CKE# 

Refresh_Signal 

RAS 

CLK 

CAS 

X Add 

 

 

  Normal WL X 

Xras_time 

WL 

 

 

 

                                                                                                                                                         

 

Internal Operation (Self-Refresh) 

 

 

 

 

                                                                                                                                                                         

                                                                                          External Operation 

G1.3 : SDRAM(Self Refresh)$J
K L %�
Refresh K L �' (HI G$

 

 

 

 

 

                                                                                          External Operation 

 

 

 

 

 

 

                                                                           Internal Operation (Hidden Refresh) 

Valid Xadd Refresh m WL 

(Hidden 

CE# 

OE# 

Refresh_signal 

 

Valid  Address 

DATA I/O 

Add 

WL 

Xras_time 

CSL Address to Valid WL Enable 

G1.4 : Pseudo SRAM J
K L %�
Refresh K L �' (HI G$
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TCSR� IDD6����#(�A) 
ú XN  OL  ���j(V) 

85) 70) 45) 15) 

Samsung K4M28163PH 1.7~1.95 200 - 150 - 

Hynix HY5S5B6GLF 1.7~1.95 400 - 200 - 

Micron MT48H8M16LF 1.7~1.95 200 160 140 120 

Infineon HYB18L128160B 1.65~1.95 365 260 185 165 

y SDR SDRAM�� �\�°ùú PASR(Partial Array Self Refresh)�¡ ³ �

Ä¡ ³ �y Self Refresh��a 6P m,
v � Q �R S � Refresh�Ä¡ ³ é­

6 / T ¡ ��c d �U V TCSR 4 5 | } �
 PASR����� ��� 1.2�$

 

PASR����#(�A) 
ú XN  OL  ���j 4 5  

4 Bank 2 Bank 1Bank 1/2 Bank 

85) 200 160 140 - 

70) - - - - 

45) 100 90 85 - 
Samsung K4M28163PH 1.7~1.95V 

15) - - - - 

85) 400 280 200 - 

70) - - - - 

45) 200 140 100 - 
Hynix HY5S5B6GLF 1.7~1.95V 

15) - - - - 

85) 200 160 130 120 

70) 160 130 120 110 

45) 140 120 110 100 
Micron MT48H8M16LF 1.7~1.95V 

15) 120 110 100 90 

85) 365 285 245 - 

70) 260 210 190 - 

45) 185 155 145 - 
Infineon HYB18L128160B 1.65~1.95V 

15) 165 140 130 - 

�1.1 :SDRAM  TCSR � IDD6 ������ ��$

�1.2 :SDRAM  PASR����� ��$
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1.3****+  � � / � � � �  0 1+  � � / � � � �  0 1+  � � / � � � �  0 1+  � � / � � � �  0 1  

�s�éã b 4 5 Ï > Self Refresh (ATCSR)¡ ³ X��b ¶ ·k ¸ ¹ ST

U�§�Þ�BW � «b ¶ ·k ¸ ¹ ST Uú XN X Y ùE 	ú X¬¡ �b ¶ ·

k ¸ ¹ ST U� � ��ùú �$ Á�h i â Z �yH[ \ ] ^ �ä _ùE ÁÂ

ATCR h i 	�Câ Z �̀ q ¢�­ÁÂ
a b �	�� � 32MB SDRAM b ¶

ST UxG c ��I ÁÂ4 5 W X�(Thermometer)	­b ¶ Refresh â Z «a b

ATCSR h i �éÌ d�e ®�h i �f g (Test Mode�X�)h IC�
�K L i

jVJ
­®�CD k l��C	� � 0,�ä _hkÀra ���	78��

�«a b Äh i �éÌ d� 

 

    H[ \ ] q ¢v xl Â. / �mÁ. �n \ �q ¢�o p H\ ] ïð �b k

%��Bïð q r 	\ ] ïð �â Z 	�Câ Z �s M t p �mu . �b ¶ ·k

¸ ¹ ST Uv w �q ¢�v w Áß b ¶ ·k ¸ ¹ ST UNF� dBATCSR h i

F C 	�C�â Z ���ST UM N�[ Q 	 Refresh���p�TCSR% ATCSR

�v w 	X� Test Mode��Cf x �mW . ��Zh i 	�Z���yÞÁ. �

ä _yv w ATCSR�[ Q �� ;v w ��� � 	¿ z �mA. �CD â Z 	�

C�¿ z �yÞÁ. ä _h01�C�¿ z %��¿ z «a b ä _�ùE �

ATCSR h i �éÌ d�ml . �¿ \ �
{ �yÞÁ. / | P ä _ym,:[

\ ] �ÁÂ3 ¿ � 
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? D A  � 
 � � � � � � � E F  

 

2.1  2 32 32 32 3  

    yÞÁ. �ä _h v w Áß b ¶ ·k ¸ ¹ ST UNF� dBRefresh �G

H���pBTCSR	 ATCR�s v 	�C�â Z �} ~ �� �ä _h b̈ ¶

·k ¸ ¹ ST UM N© ë �
\Ø � �b ¶ ·k ¸ ¹ ST UM N[ Q 	���

p�K6«ä _y~ \ TCSR	 ATCR�G H�p�̀ �H\ ] �G c �< ;ä

_ùE �C�â Z � 

 

2.2  � �� �� �� � 	 
 � �	 
 � �	 
 � �	 
 � � 
 � � 4 5
 � � 4 5
 � � 4 5
 � � 4 5 (DRAM Cell Unit) 

b ¶ ·k ¸ ¹ ST UM N��ÀÁÂ MOS �g U( Transistor)"ÁÂ�º

(Capacitor)�Q Ã�ST UM N��G 2.1�DRAM M N(Trench)$O P Q R GB

G 2.2�Array & Cell HI G� 

 

 

 

 

 

 

 

 

 

    À�ST UM N\��º(Capacitor)y· !�% * �°Ç �(Leakage)��

N+ N+ 

Word Line 
Bit Line 

G2.1 : DRAM M N(Trench) O P Q R G$

P-Well 

N-Well 

P-Substrate 

G2.2 : Array & Cell HI G$

Word Line 

Bit Line 
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d�4 5 ���º�Ç �Å Æ �� ��Ä� d' (�b ¶ ·k ¸ ¹ ST U�� �

� �  !(Data Retention Time)�¾ÄST UÈ É y� ]� !(Refresh Time)s�

Ã,�°ST UM N Refresh�Á��  

 

2.3  Refresh  6 7 6 7 6 7 6 7 8 98 98 98 9 : ;: ;: ;: ;   

 �s�­Ô Õ Ö DRAM«© �DDR SDRAMBSDR SDRAM 	 PSRAMx


q ���
 Refresh �â a �év x�Auto Refresh 	 Self Refresh ����

PSRAM� Refresh â a (Hidden Refresh)é� � x Self Refresh� 

 2� Auto Refreshå Self Refresh�
 Refresh�G H���p�� 3 ��p�

he ]�Word Line(Row Address) � � �
�º� ���jy��ST UM N�

MOS�g UW X��  
 Equalization (
2
1

VDD)� Bit Line�Ë�W Xy Bit Line

$ Á� �K�W XY = �(Sense Amplifier)�W XY = �h Bit LineÖ � ���j

Y = xÍ1Ñ(VDD) åÍ0Ñ(VSS)�Î��Bit Linehx 1Ñ(VDD) åÍ0Ñ(VSS)

��jÍè � Ñ�� � ��º��Î' � e ]�Word Lin(Row Address)�ÄÁ

� � �b ��x Refresh�G H���p�G 2.3"G 2.4xST UM NVW XY

= ���Z[ Q HI G	W XY = �K L Y = ��G�   

 

 

 

 

 

 

 

 

 

WL 

�
L 

   EQR 

   (Vrefp) 
�

R VBL 
SLp 

SLN 
DB /DB 

BL 

BL 

/BL 

 IOm 

BL 

IOm 

Array A Array B 

WL 
Equalization Circuit 

EQL 

(Vrefp) Vdd Vdd 

BL 

/BL 

/BL 

IOm+1 

/BL 

IOm+1 

Equalization Circuit 

G2.3 : ST UM NVW XY = ���Z[ Q H

VBL 
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2.4  TCSR    ((((���� 

G 2.5 x�s� � �� �� SDR SDRAM EMRS Code\, TCSR �]

^�
 TCSRx$2Â Bit$�Q Ã��� � J
��W X��4 5 y EMRS�a

6� z A3	 A4 � Code(�s½ �]� ��4 5 ° 1@)B4@)B70)	 8@)$A

�4 5 )��� z IC�
 Refresh �/ ��Ë�� z IC�¡ �c d ��� �


TCSR ¡ ³  �_ ` �h i � �Öà J
h i ÁÂ4 5 W X�(Thermometer)«W

X ICJ
4 5 �z{ Ë�? 	 ST U� Refresh�/ ���G 2.6 :J
4 5 W

X�% SDR/DDR SDRAM�' ( HI G� 

G2.4 : W XY = �K L Y = ��G$

Word Line “On” 

Word Line “Off” 

Data “1” 

Data “0” 

Bit Line Equalization 
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2.5  ATCSR (� (� (� (� 

�s� � ,� ATCSR�¡ ³ ùú 
� � � 	� 
�yé� � O(Mobile)�

_ ` Ö�Jè ¢�
� �;y��í � � ¡ ��c d �ATCSR��p% TCSR

â Z � : �
á � ;y�h�� TCSRJ
�4 5 W X��I V IC�
(On-Die 

Temperature Sensor)� J KW X IC�
4 5 �z{ �J K? 	 ST U� Refresh

1 0 0 0 0 0 0 0 PASR TCSR 0 

Reserved 0 1 1 

Quarter Array (BA1=0,BA0=0) 0 1 0 
Half Array (2 Banks: BA1=0) 1 0 0 

Reserved 0 0 1 
Reserved 1 1 0 

Reserved 1 1 1 

Reserved 1 0 1 

Full Array (All Banks) 0 0 0 
PASR Coverage E0 E1 E2 

45 � C 0 1 

70 � C 0 0 

15 � C 1 0 

85 � C 1 1 
TCSR  E3 E4 

** TCSR : Temperature Compensated Self-Refresh 

** PASR : Partial Array Self-Refresh 

E13 E9 E10 E11 E12 E6 E7 E8 E0 E1 E2 E3 E4 E5 

BA1 A9 A10 A11 BA0 A6 A7 A8 A0  A1 A2 A3 A4 A5 Address Bus 

Extended Mode  

Register (EMRS) 

G2.5 : SDRAM EMRS Code\, TCSR �]^$

 

 

 

 

 

 

 

 

 

 

 
 Other Devices 

External  
Temperature Sensor 

Change  
TCSR Code 

TCSR Register 
(A4/A3: 2 Bits) 

Adjust Refresh 
Frequency 

Self-Refresh 
Current Reduction 

SDR/DDR SDRAM 

 

Other  

Controllers 

G2.6 :$J
4 5 W X�%SDR/DDR SDRAM�' ( HI G$

System 
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�/ ��� �� (Real Time)î ¬¡ ��c d ��s�� �� SDR SDRAM 

EMRS Code\, ATCSR�] �̂°� � �� �2]^ EMRS Code�J KÀ IC

�
ã b   � ATCSR�¡ ³ ��°
¡ � � ¢�£ , ATCSRùE �G 2.7�

EMRS Code�]^�­ A9xÍ0ÑåÍ1Ñ�x ATCSR � � (Enable)å' �

(Disable)�e f �G 2.8 x SDR/DDR SDRAM\��
4 5 W X�%_ ` &!

�' ( HI G�$

 G 2.9	G 2.10��«¤ ¥ SDR/DDR SDRAM� TCSR	 ATCSR ¡ ³ y

Self Refresh�a 6�  ��a �yG 2.9\ TCSR� Refresh��e 2¾4 5 �

� z�� z��@ Ê ]­ 1T ��,ST U RefreshÁ��Á2 «© 1T ���½ h

i x 15.6�s �yG 2.10\ ATCSR� Refresh��¢y·� 4 5 �z{ �z{ �

1T ���� 2T 	 3T �y23 4 5 6�
4 5 W X�W X�4 5 �¦ § �23 Refresh

���Ä Refresh�/ �y·�4 5 ¨ ��% © �. �'4 5 90) Refresh�

�x 15.6 �s��4 5 î V 60) Refresh��½ 9 :x 64 �s�ª4 5 î V 25)

 Refresh��h½ 9 :V «28 �s�� (Real Time)¬­ Refresh��Ò 7³ î ¬

¡ ��c d �6P � Â. / y®�® a 	7U�C«a b �$

 

 

 

 

 

 

 

 

 

 

 
G2.7 : SDRAM EMRS Code\, ATCSR �]^$

1 0/1 0 0 0 0 0 0 PASR 0 

Reserved 0 1 1 

Quarter Array (BA1=0,BA0=0) 0 1 0 
Half Array (2 Banks: BA1=0) 1 0 0 

Reserved 0 0 1 
Reserved 1 1 0 

Reserved 1 1 1 

Reserved 1 0 1 

Full Array (All Banks) 0 0 0 
PASR Coverage E0 E1 E2 

Disable 1 

Enable 0 

ATCSR E9 

**A TCSR : Auto Temperature Compensated Self-Refresh 

** PASR : Partial Array Self-Refresh 

E13 E9 E10 E11 E12 E6 E7 E8 E0 E1 E2 E3 E4 E5 

BA1 A9 A10 A11 BA0 A6 A7 A8 A0  A1 A2 A3 A4 A5 Address Bus 

Extended Mode  

Register (EMRS) 0 0 
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 Other Devices 

Temperature 
Sensor 

Adjust Refresh 
Frequency 

Self-Refresh 
Current Reduction 

(ICC6) 

SDR/DDR SDRAM 

 

Other  

Controllers 

G2.8 :$SDR/DDR SDRAM�
4 5 W X�%_ ` &!�' ( HI G$

System 

Self-Refresh 

Refresh Signal 

8K Refresh 8K Refresh 8K Refresh N Refresh 

T1 T1 T1 T1 

Self-Refresh Mode 

Burst Refresh 

G2.9 :$Self Refresh�a 6$TCSR%Refresh���' ( HI G$

8K Refresh 8K Refresh

T1 T1 T2 T2 T3 

“On” “On” 

Self-Refresh ModeSelf-Refresh 

Burst Refresh 

Refresh Signal

Thermometer 
Signal 

N Refresh 

G2.10 :$Self Refresh�a 6$ATCSR%Refresh���' ( HI G$
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2.6  < =< =< =< = Test Mode � � > ? � � > ? � � > ? � � > ? (�(�(�(�  

�s SDRAM�®�Mode Register Select(MRS)�â Z h� ]�¯(Code)�

�ST U\���¯(Code)Ø Ù í � CAS LatencyBí � Burst Length��� � �

� 7 ST U1 ° �s� �± ����ËÌ � �± �� ]b ��¯(Code)�² ³ �

®�ST U��́ (Address)«² ¯�­ 128Mb(µ ° 14Â�́ :A0~A13)�

SDRAMx. ��P �� CAS Latencyx”2”$	 Burst Lengthx”4”�¢­ ¶Ë�

�H¯(Code)x”00000000100100”�H. / �~ \ � Test Mode�®� JEDEC


� ]�¯(Code)­J�¯(Code)«· Ì h i 	�rv ¸ ����� 2.1 ¹ E H\

] ïð ATCSR�C �� �� Test Mode	
���� � Test Mode�C �®

� SDRAM ¯ °� DQM0	 DQM1º��xK L å�j�» �å» E �Z¼ � 

 

Test Mode ! ½  � � º�(» �/ » E ) 

TMREFDIS ¹ c IC�
 Refresh �¡ ³  _ 

TMPADREF � �J
K L ? 	 IC�
 Refresh ��� DQM0(» �) 

TMOSCMON B ¾ IC�
*+ �(Oscillator)��� DQM1(» E ) 

TMVTP 9 :*+ �(Oscillator)�¿ j�� DQM0(» �) 

 

 

 

 

 

 

 

 

 

�2.1 :$Test Mode	
���$
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? G A  H I J K � L M  

 

3.1 2 32 32 32 3  

    � �H\ ] ­î ¬¡ ��c d x����­ ATCSRxïð �â À �¾Ä

H. / yÁ¡ �c d �� Â ;� © � ¡ �c d % Refresh���' (�e ­�

�Ã j�­�¤ Refresh��%c d ¡ ��' (�e Ä ��¤ Refresh��%:

Â IC�°M N(Cell) RefreshÁ��à ¢� !&' (�ÞéÅ ä _�¤ Refresh

���h i �°Æ Ç ��¤ ·È �É BÊ Ë } �î ¬ Refresh��­ � �¡ ��

c d �Î6ÁM Nyv w ATCSR�h i F C Bâ Z 	�Z���¿ z � 

 

3.2 REFI @@@@Refresh Current) � � � � � � � � A BA BA BA B  

 y® a Ã js� Å ä _�¤ Ã j�< ��Ì Í Î� IDD6(Self refresh 

Current)\�$ REFI (Refresh Current)�¾ IDD6
7Ø Ù  REFI $(Refresh Current)B

OFFI  (Junction Leakage)	 DCI  (DC Current) W ����Ïr�Ð Ñ Ò ' $ OFFI #

��¬��Ó jU�� d© � �4 5 ��¢ Junction Leakage �̄ Ô �� � �¾

OFFI #·�4 5 ¨ �
#�= �¾Ä4 5 Ê ]6(� 90))$ OFFI #§�Ê ]#�þ


#ÀÓ jUÏR N (Fabricator)ùú 
ka #�V�$ DCI #�'$IC Power On; 

IC����
� ��� ��à ¢��j#(VPP(Word Line “ON” �j)BVLOW 

(Word Line “OFF”�j) BVREF(Õ � �j)BVBB(�g U�¿ j(Bias)�j)��)

 �c d ����Ä#yÊ ] VDD(J
ùú ��j� 1.8V)6Ö � xÊ ]#�

× Ø REFI $y· Refresh����°�23 �­6x­® a Ã jâ a «�¤ $ REFI $

% Refresh���' (�G 3.1x Auto Refresh��( 1t )	? @ ��( 1I )�' (G

	G 3.2x Self Refresh��( 2t )	? @ ��( 2I )�' (G�$
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   ÀG 3.1	G 3.2é1  Auto Refresh 	 Self Refresh �á � y� CKE º�x

Í1Ñ(High) åxÍ0Ñ(Low)$�» IC�
 Refresh���§= 2� 3 �­Á2

Ù ¥ E F«© Auto Refresh���( 1t )�Ê ]y 60ns~100ns(� - 23 � Clock 

Rate( CKt )Ú Ö 10 Â Clock��� CKt Û6ns�¢ Auto Refresh���( 1t )x 6ns×10 

=60ns)��sH� �h i � �x CKt Û8ns�Auto Refresh���( 1t )x 8ns×10 = 

80ns�À��(Simulation)�� � �G 3.3	� 3-1� s
¤ ¥ � Refresh���

�p�¾ÄG 3.3\Word Line � � � !Ü 30ns��q ¢��c d ;yWord 

Line � � (Raising Edge)"' � (Falling Edge)Ý ÁÞ !��yÄ�;!� ß û °�

�c d �� 3.1xy 85� �
�� ��yÁ�Refresh �Charge��� �( Q ) 

���� � ���� �y 85�	� �  !(Retention Time)x 256ms E F6�

�µ Refresh 8192�( Word Line�~�( 132 ) )��­��� Refresh��x$$

s25318192256 µ.≅÷ms �                                                        $

G3.1 : Auto Refresh��( 1t )	? @ ��( 1I )�' (G 

RAS# 

CKE 

CLK 

 High  High  High 

CAS# 

1t 1t

Refresh 
Signal 

1ICurrentAverage

RAS# 

CKE 

CLK 

CAS# 

 Low  Low  Low 

2t 2t

Refresh 
Signal 

2ICurrentAverage

G3.2 : Self Refresh��( 2t )	? @ ��( 2I )�' (G 
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( )13 −=
t
QI $

À® a (3-1)�é1 REFI (Refresh Current)#x�� ����� �(Q )� ­

Refresh��( tà31.25 �s)&3 "x 33.57�A( I )� 

 

 

 

 

 

 

 

 

 

 

 

 
During One Time Refresh Operation 

(88°C/FF/2.1V/1.55V/3.0V) ���������
 �� � M ³ $ �� � ? @ �j$

��#$  78#$ @ 8K @4K 

 Q % Q �A �A 

VPP -7.76E-11 25% -3.10E-10 -9.94 -9.94 

VINT_CORE -1.15E-10 100% -1.15E-10 -3.67 -3.67 

VINT_PERI -1.01E-10 100% -1.01E-10 -3.25 -1.62 

VINTA_CORE -4.04E-10 100% -4.04E-10 -12.93 -12.93 

VINTA_PERI -6.08E-12 100% -6.08E-12 -0.19 -0.10 

VLOW 4.49E-11 40% 1.12E-10 3.59 3.59 

sub total    33.57 31.85 

 

 

 

�3.1 : IC�
�� ���Charge��� ��Q����� � �

G3.3 : Word Line�b �%�
��c d ���G $

Raising Edge Falling Edge 
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 �s�y ATCSR h i � á Ö�Refresh����v x 5��e ®� ® a (3-1)

éÃ â E 
 REFI #��� 3.2�$

 

*+ ����$Refresh��� � �  !(8K WL) REFI  % � �$ ��4 5 $

13.8�s 27.6�s 226ms 38.01�A +13.2% 125) 

15.6�s 31.2�s 256ms 33.57�A 0% 88) 

27.0�s 54.0�s 443ms 19.43�A -42.1% 70) 

44.7�s 89.4�s 733ms 11.73�A -65.1% 45) 

47.7�s 95.4�s 782ms 11.00�A -67.2% 25) 

47.7�s 95.4�s 782ms 11.00�A -67.2% 0) 

 

    Á� 3.2 é1 ' Refresh���% & ¢ REFI #6î �»
 IC � �  !

(Retention Time)ã È ¨¢% & �
 Retention Time�% & �ÁCD �ä 5 «© �


CD å 5 % & (Refresh����À IC ã Ì � �)BCD  !ã È y% & (CD

ÃH% & �� 
 Density� = ¢ÃH��)�¾Ä Refresh���% REFI #ã È ¢

¹ 7 ÁÂ? @ ;�$

 

 

 

 

 

 

 

 

 

�3.2 : ATCSR ��Refresh���	
� �  !" REFI #�� � �
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3.3 ATCSR �������������������������������� 

3.3.1 Refresh 	 
 �	 
 �	 
 �	 
 � Fuse �� 
 � ��� 
 � ��� 
 � ��� 
 � ����������������� 

    ñ��SDRAM� IDD6(Self Refresh Current)�¢£ � mAæ�Ä x�î

¬ IDD6�ÁÂâ Z ¨�ç ü IC�
 Refresh��e f �Z� Fuse�G 3.4\�

Fuse 1"/å Fuse 2�è�% & Refresh����î ¬ IDD6( REFI )#�
 Refresh

��% Fuse&!�' (�� 3.3�     

 

 

 

 

 

 

 

 

 

 

 

 

Fuse 1 Fuse 2 Refresh�� 

No No 16�s 

Cut No 32�s 

No Cut 48�s 

Cut Cut 64�s 

 

 

�3.3 : Refresh��%Fuse&!�' ($

G3.4 :$Fuse %$Refresh��e f �Z' (G$

 
 
 
 
 
 
 
 
 
 
 

 

Fuse 

 
 
 
 
 
 
 
 
 
 
 

 

Refresh �������
� �  

64uS 

48uS 

32uS 

16uS 

Fuse 1 

 

Fuse 2 
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3.3.2 Refresh 	 
 �	 
 �	 
 �	 
 � TCSR �� 
 � ��� 
 � ��� 
 � ��� 
 � ����������������� 

    TCSR�Z�¢­MOS�g U¹ - ñ�� � Fuse�â a ��­6 é d�

EMRS Code e f «¹ - ç ü Fuse�â a ��G 3.5	� 3.4� 

 

 

 

 

 

 

 

 

 

 

E3(A3) E4(A4) Refresh�� ê �4 5  

OFF (“0”) OFF (“0”) 16�s 85) 

ON(“1”) OFF (“0”) 32�s 70) 

OFF (“0”) ON(“1”) 48�s 45) 

ON(“1”) ON(“1”) 64�s 15) 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 

EMRS Code 

 
 

 

 

Refresh��e f �Z 

G3.5 : TCSR\MOS�g U %$Refresh��e f �Z' (G$

 
EMRS Code 

For 
E3/E4 

 

�3.4 : Refresh��%EMRS Code&!�' ($
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3.3.3 Refresh 	 
 �	 
 �	 
 �	 
 � ATCSR �� 
 � ��� 
 � ��� 
 � ��� 
 � ����������������� 

    G 3.6 xä _� �«ã b � � Refresh��� ATCSR _ ` h i �Z[ Q G� 

®�ÁÂ�I 4 5 W X��Z��·�23 �4 5 � �23 � VTPV #«? 	 ��

�v �( 1I )�� ë h ' B;��jxÍLowÑ �A;Öâ � PMOS xÍOnÑ

�Öâ � NMOS xÍOffÑ�¢ A;y� � � ì AR B( )321 RRR ++  % DR (Delay 

�Z3 �ì )	 1I �' (� � A;�v j AV �Delay�Z(RC Delay)y� � AV

#�= A «í ]y C;xÍLowÑ�* 5 �î % * åzï (' AV #�A  �¢*

+ ��ÍLowÑ�
v % * )��' B;��jÀÍLowÑzÍHighÑ �� 7 A

;Öâ � PMOS xÍOffÑ�Öâ � NMOS xÍOnÑ�¢�� BR % Delay�Z

y C;» E ÁÂÊ ] 8�sÍHighÑ�K L �®�*+ ð ZÍHighÑ	ÍLowÑ�

*+ & Ö23 � VTPV #	 Delay�Z�� 7 23 �4 5 6(23 � VTPV #)�� �

23 �*+ ����G 3.7x 0)B25)B40)B55)B70)B88)	 125) 

*+ ��*+ ����#�
��#�� 3.2�H� 

   

 

 

 

 

 

 

 

 

 

 

 

C 

B 

I1 

A 

VTPV  
 

Thermometer  
Circuit 

( VTPV Generator) 
R3 

R2 

R1 Test Mode 
& 

Fuse  
Select Box 

VintA 

RB 

RA 

Osc. 
Circuit 

Refresh 
Circuit 

 
 

Delay Circuit 

G3.6 : ATCSR _ ` h i �Z[ Q G$

I 

RD 

C 
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G 3.8xG 3.6\�4 5 W X��Z(Thermometer Circuit)[ Q G�Ä4 5 W

X��Zq ¢�®� AR 	 BR �ñ ��Z(Current Mirror)�� �y R1BR2V Rm

�ì � Ö�����®�v j�p� ��à � VTPV �j�h i F C 'y4 5 W X

��Z\� ATCSR K L ½ � � (Enable) �4 5 W X��Z®�Well��ì y

23 �4 5 6
�ì #y°�23 ( N 	 −N ��ì 
4 5 �(~(Temperature 

Coefficient)y�4 %¬4 6°¤ ¥ = �á � �4 5 ��¢�ì �= �¬&¢�ì

�A )��� �23 � VTPV �j�y®� Test Mode h
�j#�� DQM0�º

�» E VCD k l�Ce h
�j#%
�  � Ã��Z��#�01�ò ü

VTPV #�î 9 �å9 î �9 �å9 î �k 	 �®�ó ô (Laser)â a e f Fuse Box

\ (R-TUNE<0>�R-TUNEB<0>)V (R-TUNE<N>�R-TUNEB<N>) ê '� Fuse

ËÌ ó ô ç õ �§¨�% � R1V RmZ¼ ��ì #�$

�G 3.9x 0)B25)B40)B55)B70)B88)	 125) VTPV ��j�

G3.7 : 0)/25)/40)/55)/70)/88)/125) *+ ��*+ ����#$

40) 

55) 

0) 

25) 

70) 

88) 

125) 
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�#�� 3.5 x 0)V 88)*+ ��% VTPV ��#�,- �� $

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 G3.9 : 0)/25)/40)/55)/70)/88)/125) VTPV ��j��#$

125) 

88) 

70) 

55) 

40) 

25) 

0) 

G3.8 : 4 5 W X��Z(Thermometer Circuit) [ Q G$

. . . 
 

R-TUNEB<N> 

R-TUNEB<0> 

. . . 
 

. . . 
 

VTPV  

Rm 

R1 

R2 

VintA 

ATCSR  
Enable/Disable 

R-TUNE<0> 

R-TUNE<N> 

 
Test Mode 

& 
Fuse  

Select Box 

RA 

. . . 
 

RB 
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 0) 25) 40) 55) 70) 88) 

*+ ��(�s) 47.7 47.7 47.7 44.7 27.0 15.6 

VTPV #(V) 1.32 1.18 1.07 0.94 0.79 0.61 

 

¾H\ ] mu . °ù� Test Mode�" ö ��, ;,� Test Mode �� ÷ 	

X�§¤ ¥ / ø �¾ÄK6«ÁÂ Test Modex. © � 
�Z[ Q �
¡ Test 

Mode�¡ ³ 23 »
�Zh i ó 3 �­6�­ Test ModeàÍTMOSCMONÑ	

ÍTMREFMONÑx. �
�ù �h IC�
*+ ��*+ ��å Refresh���

�DQM1º�» E �­®J
�C	v ¸ ò ü ��G 3.10x Test Mode (tmoscmon 

/tmrefmon)�Z[ Q G�$$$$

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

G3.10 :$Test Mode(tmoscmon/tmrefmon)�Z[ Q G

Vint 

tmoscmon 
tmrefmon 

ref_time 

refosc 

tmpadref dqm1dis 

pdqm1 

 

 
 

 

 

 

�3.5 : 0)/25)/40)/55)/70)/88) *+ ��% VTPV ��#,- �$
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��� � � � � � 	 � 
 � �  

 

4.1 ��������  

    H. / �è ú û ¨�CD a b ATCSR h i �éÌ d�»y� ü a b &s 

v w Äa b �à �CD �ý %CD | } 	CD a b �
{ �yCD a b �
 { �

ä _yv w CD �â Z %��BCD �ra 	�C�¿ z �W 
{ ��CD �â

Z q ¢�ym, IC�
��Â°' ATCSR h i 
{ ��ZK L ­ Test Mode�

â a h
jþ � ICJ
­®v ¸ ò ü �H. / < ;yùE ,Äh i ��;%ê

Ó 	CD â P �& � 	¾X� 

  

4.2 � � � �� � � �� � � �� � � � � � � � �� � � � �� � � � �� � � � � �� ��� ��� ��� �  

 � � mW . ��Zh i ¤ © 	��Ã j;�H . / ­®�� ÃÏr�g �	

CD k «� � Ä ATCSR�Zh i �éÌ d�� Å ä  v w Ä7��CD �ý  

�
CD �ý Ø � CD k l	� ý (Probe Card " Hi-Fix)�
CD k �®��s

ST UCD � < �� 	 �CD ? l�G 4.1	G 4.2�H�G 4.1\�CD k l(C

D 
 5 é� 30Mhz)��«�xg �(Wafer)CD "v ¸ �k l�
k lÖ�� ý

xmCn(Probe Card)�
�ù ��xCD k l%g �(Wafer)&!�CD � P �

�mCn6â xmCk (Prober)�®�mCk �
� Chuck«& � g �(Wafer)­

� �CD �à �4 5 �G 4.2\�CD k l(CD 
 5 é� 250Mhz)��«�x

IC(Ä� IC�­ 90Ball BGA�Ø � Oa )CD "v ¸ �k l�
k lÖ�� ý x

Hi-Fix�
�ù %mCn(Probe Card)� 3 �� Hi-Fix;â xo pk (Handler)�®

�o pk �
� Chamber «̈ î 4 � IC­� �CD �à �4 5 � 
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G4.1 :$CD k l(1) 	mCn(Probe Card)	mCk (Prober)$

G4.2 :$CD k l(2)BHi-Fix 	o pk (Handler)$

mCn 

CD k l(1) 

mCk (Prober) 

CD k l(2) 

Hi-Fix 

CD ú (Test Head) 

CD ú (Test Head) 

o pk (Handler) 
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4.3  � � ���� � ���� � ���� � ��� � � �� �� � �� �� � �� �� � �� �  

    Ä. / �v ¸ �¢;xà1.���78#��C( REFI (Refresh Current)B OFFI  

(Junction Leakage)	 DCI (DC Current))B2. IC�
*+ �(Oscillator)% TPV �' (

&v ¸ B3.J
ùú Refresh��% REFI �' (&v ¸ B4. � z| } 4 5 IC�


*+ ��z{ 	 5. � �  !(Retention Time)%4 5 &!�' (�01� ÁÂv ¸

�¢;�v ¸ � 
 @ ­�1�CD ���%â Z B�2�CD ra �� �B�3��

C�¿ z 	�4�¿ z v ¸ �â a ËÌ �$

$

4.3.1 ������������������������������������( REFI 				 OFFI 



 DCI ) 

4.3.1.1 CD ���%â Z  

    H�CD �����¤ 78g �å IC� REFI B OFFI 	 DCI #(90)| } 6��

­Ä� � é�¤ 78#%��#�á � �ÄCD �â Z � 2� � Test Mode�

�C
 IDD6#�Î� � TMREFDIS(Refresh Disable)� Test Mode h Refresh�

¡ ³ ' � ���7 OFFI + DCI �3 "#�¾Äé£ 7 REFI #�G 4.3x IDD6�C

HI G�G 4.4x OFFI 	 DCI $�CHI G� 

 

 

 

     

 

 

 

 

 

 

 
 
 

Tester 

 
 
 

PMU UNIT 

 

 

 

 
 

Test Chamber 

 IC Input 
Test Mode 

(TMREFDIS) 
Measure OFFI + DCI  

From VDD Pin Measure 

G4.4 : OFFI 	 DCI $�C$HI G$

 
 
 

Tester 

 
 
 

PMU UNIT 

 

 

 

 
 

Test Chamber 

 IC Input 
Test Mode

(No Need) 
Measure IDD6 
From VDD Pin Measure 

G4.3 : IDD6 �C$HI G$
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4.3.1.2 CD ra �� � 

    ®�CD k l� � 	h i � Test Mode(TMREFDIS)� �CD ra ��G 4.5 

x IDD6��Cq ra BG 4.6x�C$IDD6 �$Patternra 	G 4.7x�C OFFI

	 DCI �$Patternra �$

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ICC236: 
LCON= 0 
PCON =0  

SEND MPAT PATDC1 ; PATTERN 
DO DCT1 III=1,VCCII,1 ;VDD SEL 
VS1=VCHAR(III),R10V,M400UA 
VS2=VCHAR(III),R10V,M400UA 
IN1  = VCHAR(III)-0.2V,0.2V 
VT1  = VCHAR(III)/2 
OUT1 = VT1+0.1V,VT1-0.1V 

GOSUB PGSSM1    ;WAVEFORM 
GOSUB TMA070    ; TIMING 
CALL CALB("PRDSA","NORMAL") 
SET WET 
SELECT MPAT INHIBIT 
LIMIT VS1=ISBHL,NEGLECT 

REG MPAT PC=#00 ;PC CODE SEL 
SRON 
START MPAT * 
WAIT TIME 100MS 

MEAS VS1 !100:VICCX  ;MEASURE 
STOP MPAT 
SROF 
RESET WET 
SELECT MPAT NORMAL 
DCT1: 
GOTO CONTINE 
 
 

START #00 
NOP  INIT TS1 
NOP  COUT  TS1 PREA 
NOP  COUT TS1  

L0: NOP  COUT  TS1 AUREF 
IDXI8 #6 COUT TS1  
JNI7  L0 COUT  TS1 
NOP  XT  TS1 MRS 
NOP  COUT TS1  
NOP  COUT TS1 SELF 

L0: JMP L0 COUT ��� CKE 

 STPS  

START #00 
NOP  INIT TS1 
NOP  COUT  TS1 PREA 
NOP  COUT TS1  

L0: NOP  COUT  TS1 AUREF 
IDXI8 #6 COUT TS1  
JNI7  L0 COUT  TS1 
NOP  XT  TS1 MRS 
NOP  COUT TS1  

;FOR TMREFDIS TEST MODE 
JSR TMODE COUT XT<#1300 TS1 
JSR TMODE COUT XT<#1100 TS1
JSR TMODE COUT XT<#1201 TS1 

NOP  COUT TS1 SELF 
L0: JMP L0 COUT ��� CKE 

STPS 

TMODE:NOP  XT  TS1 MRS      
    RTN 

G4.5 :�C$IDD6 �q ra $$

G4.6 :�C$IDD6 �$Patternra $$

G4.7 :�C OFFI 	 DCI �$Patternra $$
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4.3.1.3 �C�¿ z  

IDD6 .VS. VDD

80
85
90
95

100
105
110
115
120

2.5 2.4 2.3 2.2 2.1 2 1.9 1.8 1.7

VDD[V]

IDD6
[uA]

Sample 1 Sample 2 Sample 3 Sample 4
 

 

Ioff+Idc .VS. VDD

20
25
30
35
40
45
50
55
60
65
70

2.5 2.4 2.3 2.2 2.1 2 1.9 1.8 1.7
VDD[V]

!#"%$&$('%!*),+
- .,/10

Sample 1 Sample 2 Sample 3 Sample 4
 

 

IREF .VS. VDD

20
25
30
35
40
45
50
55
60
65
70

2.5 2.4 2.3 2.2 2.1 2 1.9 1.8 1.7

VDD[V]

IREF[uA]

Sample 1 Sample 2 Sample 3 Sample 4
 

 

 

 

G4.8 :$IDD6 % VDD(Power Supply)�' (G 

G4.9 :$ OFFI + DCI % VDD(Power Supply)�' (G 

G4.10 :$ REFI  % VDD(Power Supply)�' (G 
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4.3.1.4 ¿ z v ¸  

 ÁG 4.8�éÂ ¯ 4Â Sample � IDD6#Á 1.7V � 2.5V � ß � � yÊ ]

#(95�A~115�A)�»
#� � � = ��ÁG 4.9� OFFI + DCI �#(50 �A~65�A)0

��#= ( OFFI Ü 30�A��3 DCI ��Ü 9�A)�� �Á:�g ��v ¸ �Â ¯ IC

�
 DC Level#(h i �< #x VPP(2.9V)BVLOW(-0.58V)	 VBB(-0.2V))�¾

Ïr�¾� R Ã IC �
 OFFI  #0��#���R Ã�
 DC Level# ¿ �(�C

#x VPPÜ 3.2V~2.95VBVLOWÜ-0.6V~-0.8V	 VBBÜ-0.2V~-0.35V)�ÄÁ

:�g �� IDD6#v w � � ��G 4.11\ DC Tune s� IDD6 t u v w ��

G 4.11\� VPP&VLOW 	 VPP&VLOW&VBB �t u v w x, VPPBVLOW 

	 VBB#9 :;� IDD6 t u v w �é� E 
 IDD6
Ö �� \� 50 �A~80�A

�R !v w �Ä9 :°� �, ;��v ¸ �� Ò 5 �G 4.12x:�g �y 90)B

25)	-30)| } 6� IDD6 t u v w �é� E 
 IDD6#·�4 5 �6î �� �

§î ¬� 

 

IDD6 vs Count

0
100
200
300
400
500
600
700
800
900

0~
10

10
~2

0

20
~3

0
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~4

0

40
~5

0

50
~6

0

60
~7

0

70
~8

0

80
~9

0

90
~1

00

10
0~

11
0

11
0~

12
0

12
0~

13
0

13
0~

14
0

14
0~

15
0

15
0~

40
0

IDD6[uA]

Count
[ea]

Before DC Tune VPP&VLOW VPP&VLOW&VBB
 

 

 

 

 

G4.11 :$ IDD6 % �
DC Level#9 :s	9 :;�t u v w G 
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IDD6 vs Count

0
100

200
300

400
500

600
700

800
900

0~
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~8
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Count
[ea]

-30'C 25'C 90'C
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

G4.12 :$ IDD6 % 4 5 90)B25)	-30) �t u v w G 
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4.3.2 IC ��������������������(Oscillator)���� VTPV � � 	� � 	� � 	� � 	  

4.3.2.1 CD ���%â Z  

 H�CD ����è�ÁJ
9 : VTPV #(*+ � Bias�j)�z{ �«�¤

78g �å IC��
*+ �(Oscillator)�*+ ���î %��#� 3 (90)| }

6���h i �� á ��Refresh���*+ �*+ ��� 2��ÄCD �â Z �

� � TMVTP( VTPV Forcing)� Test Mode��� DQM0º�hJ
�j(0V~1.4V)

» � IC��
�Î� � TMOSCMON(Oscillator Monitor)� Test Modeh*+ �

*+ K L èÀ DQM1º�­H� �� E �G 4.13x*+ �*+ K L �CHI G� 

 e ®�Äâ a �C
 IDD6���#�G 4.14xy TMVTPz{ 6 IDD6�

CHI G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 

Tester 

 
 
 


 � �
 � �
 � �
 � � 

 

 

 

 
 

Test Chamber 

 IC 

Input 
Test Mode 
(TMVTP) 

& 
(TMOSCMON) Oscillator Period 

From DQM1 Pin 
Monitor 

G4.13 : x*+ �*+ K L �C$HI G$

Force DQM0 Channel 

 
 
 

 
 

Tester 

 
 
 

PMU 

 

 

 

 
 

Test Chamber 

 IC 

Input 
Test Mode 
(TMVTP) 

& 
(TMOSCMON) Measure IDD6 

From VDD Pin 
Measure 

G4.14: yTMVTPz{ 6$IDD6 �C$HI G$

Force DQM0 Channel 
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4.3.2.2 CD ra �� � 

    ®�CD k l� � 	h i � Test Mode(TMVTP)	 Test Mode(TMOSCMON)

� �CD ra ��G 4.15 xy TMVTPz{ 6$IDD6��Cq ra $	$G 4.16

�C*+ ���$Patternra �$

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ICC236: 
LCON= 0 
PCON =0  

SEND MPAT PATDC1 ; PATTERN 
DO DCT2 III=1,VCCII,1 ; VTPV  SEL 

VS1=2.0V,R10V,M400MA 
VS2=2.0V,R10V,M400MA 
IN1 = 1.8V,0.2V 
DQM0=2.0V, VCHAR(III) 
VT1 = 1.0V 
OUT1 = 1.1V, 0.9V 

GOSUB PGSSM1    ;WAVEFORM 
GOSUB TMA070    ; TIMING 
CALL CALB("PRDSB","NORMAL") 
SET WET 
SELECT MPAT INHIBIT 
LIMIT VS1=ISBHL,NEGLECT 

REG MPAT PC=#50 ;PC CODE SEL 
SRON 

IF FLAG0=0 THEN ENTRY;FOR IDD6 
START MPAT * 
WAIT TIME 100MS 
EXIT 

MEAS VS1 !100:VICCX  ;MEASURE 
STOP MPAT 
SROF 
RESET WET 
SELECT MPAT NORMAL 
DCT2: 
GOTO CONTINE 

START #50 
NOP  INIT TS1 
NOP  COUT  TS1 PREA 
NOP COUT TS1  

L0: NOP COUT  TS1 AUREF 
IDXI8 #6 COUT TS1  
JNI7  L0 COUT  TS1 
NOP XT  TS1 MRS 
NOP COUT TS1  

 
;FOR TMVTP TEST MODE 
JSR TMODE COUT XT<#1300 TS1 
JSR TMODE COUT XT<#1101 TS1
JSR TMODE COUT XT<#1204 TS1 

 
;FOR TMOSCMON TEST MODE 
JSR TMODE COUT XT<#1300 TS1 
JSR TMODE COUT XT<#1104 TS1
JSR TMODE COUT XT<#1208 TS1 
 

NOP COUT TS1 SELF 
L0: JMP L0 COUT ��� CKE 

STPS 
 
TMODE:NOP  XT TS1 MRS      
    RTN 
 
 

G4.15 :TMVTPz{ 6IDD6��Cq ra $ G4.16 :�C*+ ���Patternra $
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4.3.2.3 �C�¿ z  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2
4.17:VVTP=0V(Osc=15.6�s) 3�4�5 2  

2
4.18:VVTP=0.1V(Osc=15.6�s) 3�4�5 2  

2
4.19:VVTP=0.2V(Osc=15.4�s) 3�4�5 2  

2
4.20:VVTP=0.3V(Osc=15.6�s) 3�4�5 2  

2
4.21:VVTP=0.4V(Osc=15.6�s) 3�4�5 2  

2
4.22:VVTP=0.5V(Osc=16.2�s) 3�4�5 2  

2
4.23:VVTP=0.6V(Osc=17.6�s) 3�4�5 2  

2
4.24:VVTP=0.7V(Osc=19.4�s) 3�4�5 2  
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2
4.25:VVTP=0.8V(Osc=23.2�s) 3�4�5 2  

2
4.26:VVTP=0.9V(Osc=32.8�s) 3�4�5 2  

2
4.27:VVTP=1.0V(Osc=46.4�s) 3�4�5 2  

2
4.28:VVTP=1.1V(Osc=56.4�s) 3�4�5 2  

2
4.29:VVTP=1.2V(Osc=60.4�s) 3�4�5 2  

2
4.30:VVTP=1.3V(Osc=60.8�s) 3�4�5 2  

2
4.31:VVTP=1.4V(Osc=60.8�s) 3�4�5 2  
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4.3.2.4 ¿ z v ¸  

    ÁG 4.17~G 4.31xy23 � VTPV #6�*+ ��H� �G�k�:p;�

G 4.32��G 4.33xy 0V~1.4V� VTPV #6� REFI ' (t u �ÁG 4.32é7 1

78g �å IC�
� VTPV #y 0V~0.5V	 1.2V~1.4V ��
*+ ��*+ �

� ! y 16�s	 60�s�¾ÄéÁG 4.33\èÀ VTPV #«v 16.2�s ( VTPV =0.5V)B

17.6�s( VTPV =0.6V)B19.4�s( VTPV =0.7V)B23.2�s ( VTPV =0.8V)B32.8�s( VTPV =0.9V) 

B46.4�s( VTPV =1.0V)B56.4�s( VTPV =1.1V)	 60.4�s( VTPV =1.2V)� 8�*+ �� 

�ÁG 4.33§� � � E REFI #¾*+ ���% & �î ¬(Á 40�A î V 15�A)�¾

ÄhG 4.32	G 4.33:pÃG 4.34�é� E y23 � VTPV #6�*+ ��% REFI

�' (� 

Osc.  .VS. VVTP

0
5

10
15
20
25
30
35
40
45
50
55
60
65

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
VVTP[V]

Osc.[uS]

 

 

IREF .VS. VVTP

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
VVTP[V]

IREF[uA]

DUT01 DUT02 DUT03 DUT04
 

G4.32 :$*+ �� % VTPV �' (t u G 

G4.33 :$ REFI  % VTPV �' (t u G 
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Osc.&IREF .VS. VVTP

6 7
8968 7
:;6: 7
<%6< 7
=,6= 77
67;7
> 6> 7

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4
VVTP[V]

Osc.
[uS]

0
5
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15
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G4.34 :$*+ ��& REFI  % VTPV �' (t u G 
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4.3.3 � �
 �� �
 �� �
 �� �
 � Refresh � �� �� �� � ���� REFI � � 	� � 	� � 	� � 	  

4.3.3.1 CD ���%â Z  

 H�CD ����è�ÁJ
9 : Refresh���z{ �«�¤ 78g �å

IC� REFI #yJ
9 : Refresh��6�î %��#� 3 (90)| } 6��ÄCD

�â Z �� � TMPADREF(Refresh Period Forcing)� Test Mode��� DQM1º

�hJ
 Refresh��(0V~1.4V)» � IC��
	�C
 IDD6#�G 4.35xJ


 Refresh��K L z{ 6 IDD6��CHI G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 

Tester 

 
 
 

PMU 

 

 

 

 
 

Test Chamber 

 IC 

Input 
 

Test Mode 
(TMPADREF) 

Measure IDD6 
From VDD Pin 

Measure 

G4.35: yJ
Refresh��K L z{ 6IDD6��C$HI G$

Force DQM1 Channel 
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4.3.3.2 CD ra �� � 

    ®�CD k l� � 	h i � Test Mode(TMPADREF)� �CD ra ��G$

4.36 xJ
Refresh��K L z{ 6 IDD6��Cq ra $	$G 4.37 � �Refresh

���$Patternra �$

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PADREF: 
LCON= 0 
PCON =0  

SEND MPAT PATDC1 ; PATTERN 
DO DCT2 III=1,VCCII,1 ;PERIOD SEL 
RATE=<4>TMUS<III>;PERIOD RATE 
VS1=2.0V,R10V,M400MA 
VS2=2.0V,R10V,M400MA 
IN1 = 1.8V,0.2V 
VT1 = 1.0V 
OUT1 = 1.1V, 0.9V 

GOSUB PGSSM1    ;WAVEFORM 
GOSUB TMA070    ; TIMING 
CALL CALB("PRDSB","NORMAL") 
SET WET 
SELECT MPAT INHIBIT 
LIMIT VS1=ISBHL,NEGLECT 

REG MPAT PC=#A0 ;PC CODE SEL 
SRON 
START MPAT * 
WAIT TIME 100MS 

MEAS VS1 !100:VICCX  ;MEASURE 
STOP MPAT 
SROF 
RESET WET 
SELECT MPAT NORMAL 
DCT2: 
GOTO CONTINE 

START #A0 
NOP  INIT TS1 
NOP  COUT  TS1 PREA 
NOP COUT TS1  

L0: NOP COUT  TS1 AUREF 
IDXI8 #6 COUT TS1  
JNI7  L0 COUT  TS1 
NOP XT  TS1 MRS 
NOP COUT TS1  

 
;FOR TMPADREF TEST MODE 
JSR TMODE COUT XT<#1300 TS1 
JSR TMODE COUT XT<#1100 TS1
JSR TMODE COUT XT<#1208 TS1 
 

NOP COUT TS1 SELF 
L0: JMP L0 COUT ������������ CKE 

STPS 
 
TMODE:NOP  XT TS1 MRS

       
    RTN 
 
 

G4.36 : J
Refresh��K L z{ 6 
IDD6��Cq ra $$

G4.37 : � �Refresh���$Patternra $
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4.3.3.3 �C�¿ z  

IREF.VS.Refresh Period

0
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10
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35
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45
50
55
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65
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85
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100
105
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Refresh Period[uS]

IREF

[uA]

Sample 1 Sample 2 Sample 3 Sample 4
 

 

4.3.3.4 ¿ z v ¸  

    ÁG 4.38�J
 Refresh��À 12�sV 256�s�¢ REFI #·� Refresh��

% & �6î ��� h i �� á ��Refresh���*+ �*+ ��� 2��¾Ä

01y. / 4.3.2 	 4.3.3 � REFI #�� 4.1 . / 4.3.2 %. / 4.3.3 � REFI #0

1��¾ÄéÒ ]
78g �å IC�
 Refresh��Ü�*+ �*+ ��� 2

�� 

 

. / 4.3.2 32�s(Osc:16) 46.8�s(Osc:23.4) 62.8�s(Osc:31.4) 122.4�s(Osc:61.2)

REFI # 37.8�A 29.2�A 22.6�A 15.8�A 

. / 4.3.3 32�s 48�s 64�s 128�s 

REFI # 37.8�A 27.2�A 19.2�A 12.4�A 

 

� � Refresh 
� � � � �  

�4.1 :$. / 4.3.2 %. / 4.3.3 � REFI #01� 

G4.38: yJ
Refresh���z{ 6 REFI #%Refresh���' (G$
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4.3.4 � � � � � �� � � � � �� � � � � �� � � � � � IC ������ � ������� � ������� � ������� � �  

4.3.4.1 CD ���%â Z  

 H�CD ����è�� z| } 4 5 �z{ �«�¤ 78g �å IC��


*+ �(Oscillator)�*+ ���î %��#� 3 �ÄCD â Z �� z| } 4 5 �

z{ (�� z Test Chamber 4 5 )	� � TMOSCMON(Oscillator Monitor)� Test 

Modeh*+ �*+ K L èÀ DQM1º�­H� �� E e À DQM0º��C

VTPV #�G 4.39x*+ �*+ K L �CHI G�e ®�Äâ a �C
 IDD6�

��#�G 4.40xy| } 4 5 z{ 6 IDD6�CHI G� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 

Tester 

 
 
 


 � �
 � �
 � �
 � � 

 

 

 

 
 

Test Chamber 

 IC Input 

 
Test Mode 

(TMOSCMON) 
Oscillator Period 
From DQM1 Pin 

Monitor 

G4.39 : y| } 4 5 z{ 6*+ �*+ K L �C$HI G$

 
 
 

 
 

Tester 

 
 
 

PMU 

 

 

 

 
 

Test Chamber 

 IC Input 

 
Test Mode 

(TMOSCMON) 
Measure IDD6 
From VDD Pin 

Measure 

G4.40: y| } 4 5 z{ 6$IDD6 �C$HI G$
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4.3.4.2 CD ra �� � 

    ®�CD k l� � 	h i � Test Mode(TMOSCMON)� �CD ra ��G$

4.41 xy| } 4 5 z{ 6*+ �*+ K L ��Cq ra $	$G 4.42x�C*+

���$Patternra �$

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ICC236: 
LCON= 0 
PCON =0  

SEND MPAT PATDC1 ; PATTERN 
VS1=2.0V,R10V,M400MA 
VS2=2.0V,R10V,M400MA 
IN1 = 1.8V,0.2V 
VT1 = 1.0V 
OUT1 = 1.1V, 0.9V 

GOSUB PGSSM1    ;WAVEFORM 
GOSUB TMA070    ; TIMING 
CALL CALB("PRDSB","NORMAL") 
SET WET 
SELECT MPAT INHIBIT 
LIMIT VS1=ISBHL,NEGLECT 

REG MPAT PC=#100 ;PC CODE SEL 
SRON 

IF FLAG0=0 THEN ENTRY;FOR IDD6 
START MPAT * 
WAIT TIME 100MS 
EXIT 

MEAS VS1 !100:VICCX  ;MEASURE 
STOP MPAT 
SROF 
RESET WET 
SELECT MPAT NORMAL 
GOTO CONTINE 
 

START #100 
NOP  INIT TS1 
NOP  COUT  TS1 PREA 
NOP COUT TS1  

L0: NOP COUT  TS1 AUREF 
IDXI8 #6 COUT TS1  
JNI7  L0 COUT  TS1 
NOP XT  TS1 MRS 
NOP COUT TS1  
 

;FOR TMOSCMON TEST MODE 
JSR TMODE COUT XT<#1300 TS1 
JSR TMODE COUT XT<#1104 TS1
JSR TMODE COUT XT<#1208 TS1 
 

NOP COUT TS1 SELF 
L0: JMP L0 COUT ��� CKE 

STPS 
 
TMODE:NOP  XT TS1 MRS      
    RTN 
 
 

G4.41 :$y| } 4 5 z{ 6$
*+ �*+ K L ��Cq ra $$

G4.42 :�C*+ ���$Patternra $$
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4.3.4.3 �C�¿ z  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

G4.45 : 4 5 70°C ( OSC=15.8�s )$ G4.46 : 4 5 90°C ( OSC=15.2�s )$

G4.43 : 4 5 25°C ( OSC=24.6�s )$ G4.44 : 4 5 45°C ( OSC=22.6�s )$
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4.3.4.4 ¿ z v ¸  

ÁG 4.43~G 4.46xy23 �4 5 6(25)B45)B70)	 90))�*+ ��

H� �G�� 4.2x23 �4 5 678 IC�*+ ��%��#�01��
7

8�*+ ��%��°
� = �á � #�y 90)6À DQM0�� VTPV #Ü

0.5V�¾Äe f ­ó ô (Laser)â a ç ü Fuse«9 : VTPV #V 0.6V(� � R1V Rm

Z¼ ��ì #)�
9 :;
*+ ��H� �G�G 4.47~G 4.50�»
9 :;�

*+ ��# " � A �
�Z��#�� 4.3 x9 :;�*+ ��%��#�01

��G 4.51x9 :;�*+ ��	 REFI  % VTPV �' (t u G�$

$

$

 

��      4 5  25) 45) 70) 90) 

78�*+ �� 24.6�s 22.6�s 15.8�s 15.2�s 

���*+ �� 47.7�s 44.7�s 27.0�s 15.6�s 

á � # 23.1�s 22.1�s 11.2�s 0.4�s 

 

 

 

��      4 5  25) 45) 70) 90) 

78�*+ �� 40.2�s 37.2�s 25.2�s 15.6�s 

���*+ �� 47.7�s 44.7�s 27.0�s 15.6�s 

á � # 7.5�s 6.5�s 1.8�s 0.0�s 

 

 

 

�4.2 :$23 �4 5 6 78IC�*+ ��%��#�01� 

�4.3 :$23 �4 5 6 9 :;�*+ ��%��#�01� 
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Osc.&IREF VS Temperature(VVTP)
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G4.47 : 4 5 25°C ( OSC=40.2�s )$ G4.48 : 4 5 45°C ( OSC=37.2�s )$

G4.49 : 4 5 70°C ( OSC=25.2�s )$ G4.50 : 4 5 90°C ( OSC=15.6�s )$

G4.51 :$9 :;�*+ ��& REFI  % VTPV �' (t u G 
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4.3.5 � � � �� � � �� � � �� � � � (Retention Time)�� � � � � � 	�� � � � � � 	�� � � � � � 	�� � � � � � 	  

4.3.5.1 CD ���%â Z  

 H�CD ����è�� z| } 4 5 �z{ (� � �����4 5 )�«�¤

78g �å IC�� �  !(Retention Time)% Refresh���' (�­Äv ¸ ¿ z

ùE ÁÂ�x ATCSR(Refresh��·�4 5 �z{ �� d�CD �Õ � �ÄCD

â Z �� z| } 4 5 �z{ (�� z Test Chamber 4 5 )	� � TMREFDIS 

(Refresh Disable)� Test Mode�h�°ST UM N��Í0Ñ	Í1Ñ��µ ß #

 !;Î� ¹ ST UM N� � �î xÍ0Ñ	Í1Ñ�ÄÍ< � Ò Ñ�ß #  !x

78g �å ICyÄ4 5 6�� �  !(Retention Time)�G 4.52x� �  !%4

5 &!��C�rG��¤ ��4 5 6�� �  !¨é­�¤ �4 5 6�

Refresh���î Ý p	CD  �í e f ê Ý � Refresh��(ÀJ
ùú Refresh

��)«CD �$

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Write “0” 

Pause t 

Pass/Fail 

Read “0” 

Fail 

Write “1” 

Pause t 

Read “1” 

Fail 

Record t 
Pass 

Pass 

T=T+20����C 

Start 
t=30S,T=5 @@ @@ C 

Refresh Disable 

Pass/Fail 

t = t-5MS 

G4.52 :$� �  !(Retention Time)%4 5 &!��C�rG 
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4.3.5.2 CD ra �� � 

    ®�CD k l� � 	h i � Test Mode(TMREFDIS)� �CD ra ��G$

4.53 x� �  !(Retention Time)��Cq ra 	$G4.54 x�C� �  !�
Patternra �$

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TREF: 
LCON= 0 
PCON =0  
 

SEND MPAT  PATAC1  ; PATTERN 
 
VS1=2.0V,R10V,M400MA 
VS2=2.0V,R10V,M400MA 
IN1 = 1.8V,0.2V 
VT1 = 1.0V 
OUT1 = 1.1V, 0.9V 
 

GOSUB PGSSM1    ;WAVEFORM 
GOSUB TMA070    ; TIMING 
 
CALL CALB("PRDST","NORMAL") 
 

REG MPAT PC=#150 ;PC CODE SEL 
 
CALL SHM2(STATIC) ;RUN SHMOO 
 
GOTO CONTINE 
 

MODE PAUSE 
 REGISTER 
 TIMER=400MS 
START #150 

NOP  INIT TS1 
NOP  COUT  TS1 PREA 
NOP  COUT TS1  

L0: NOP  COUT  TS1 AUREF 
IDXI8 #6 COUT TS1  
JNI7  L0 COUT  TS1 
NOP XT  TS1 MRS 
NOP  COUT TS1  

;FOR TMREFDIS TEST MODE 
JSR TMODE COUT XT<#1300 TS1 
JSR TMODE COUT XT<#1100 TS1
JSR TMODE COUT XT<#1201 TS1 

NOP  INIT TS1 
L0:  NOP  COUT TS1 ACT 

NOP  COUT TS1 NOP 
NOP  W COUT TS1 WRIT 
JNI3 L0 ACOUT TS1 PREA 

NOP T 
L1:  NOP  COUT TS1 ACT 

NOP  COUT TS1 NOP 
NOP  R COUT TS1 READ 
JNI3 L1 ACOUT TS1 PREA 
JZD L0 
STPS 

TMODE:NOP  XT  TS1 MRS      
    RTN 

G4.53 :$� �  !(Retention Time)�$
�Cq ra $

G4.54 :�C� �  !�Patternra $
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4.3.5.3 �C�¿ z  

Retention Time .VS. Count

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42

0~
0.

4

0 .
4 ~

0.
5

0.
5~

0.
7

0.
7 ~

1

1~
1 .

5

1.
5~

2

2 ~
2.

5

2 .
5~

3

3~
3.

5

3.
5~

4

4~
4.

5

4.
5 ~

5

5~
10
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G4.55 : � �  !(Retention Time)%4 5 ' (&~�t u v w G$
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4.3.5.4 ¿ z v ¸  

    G 4.55�­·k ¹ $ 50% IC�� �  !(Retention Time)%4 5 ' (&~�

t u v w G�ÁG\é& ' ( � E 4 5 �¬¢ IC�� �  !�v ) þ�* �¬

&4 5 ��¢~�t u v w �� \þ� �  !�ï �¨­ 25)	 90)x. �


50% IC\< á �� �  !x 1.35*(25))	 0.435*(90))	t u v w <   ~�

R x 2~2.5*(25)à10%)$	 0.5~0.7*(90)à39%)�ÁÞ 50%·k ¹ $ IC

�� �  !� � \¹ 7 
�Â4 5 6�< = #B? @ #	< A #��G 4.56	

� 4.4�ÁG 4.56\6 é� E � �  !%4 5 �v ) d%� \d�$

Retention Time .VS. Temperature

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00
5.50
6.00
6.50
7.00
7.50
8.00
8.50
9.00
9.50

10.00

5 25 45 70 90
Temperature[C]

Time
[Second]

BDCFE GFH E BDIJE
 

 

 

 

 5� 25� 45� 70� 90� 

< = #(*) 9.7 4.75 3.3 1.34 0.76 

? @ #(*) 3.84 2.84 2.13 1.02 0.6 

< A #(*) 1.7 1.35 1.25 0.72 0.44 

G4.56 : � �  !&< = #>? @ #>< A #%4 5 ' (G$

�4.4: � �  !&< = #>? @ #>< A #%4 5 ' (�$
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4.4 ������������������������ ����

    mA. xa b h i � ATCSR��Z�î éÌ d�Á 4.3.1 . / �¤ ICk�

Ïr(Process);
Ç ���¾y+ , IC����j� ��(DC Voltage Generator)

�M ³ ù�¾� OFFI + DCI �3 "#� ,�% & �¾Ä� È É h��
��j�

����j#� � h i � ��ê 5 �9 :��G 4.11�9 :;:�g ����#

Ö �� \d�$

4.3.2 . / �®�Test Mode �â Z ÀJ
» � VTPV #­�¤ IC�
*+ �

�*+ ���v w �e Ë��¤ *+ ��% Refresh��( REFI )�' (��G 4.34 

�*+ ���* ¢ REFI #�A �¬&- � �$

4.3.3 . / ��«a b *+ ��% Refresh���' ((h i �� ]� Refresh

��x*+ ��� 2�)�Äâ Z §�®� Test Mode�â Z ' . �
*+ ��À

J
» ���K L J K�C REFI #e % 4.3.2 . / �� , REFI #�01�
¿ z

� '/ Ý 2��h i � 

4.3.4 . / x ICy23 4 5 678�*+ ����ÁH� �GÂ ¯ *+ �°

·4 5 z{ �°23 �*+ ���»
��%��#°�á � �k�ó ô â a �

IC�
 VTPV #��7 
1K� ��#�¿ z ��� 4.3�H�
á � #x ICk

�Ïr;
4 5 W X��
�ì Dopping 0 5 �R Ãà VTPV #�á � ¾Ä®�

ó ô â a 9 : VTPV Vê '�� �­®�
*+ �Ù ¥   �� 

    4.3.5 . / x�¤ IC�I ATCSR ¡ ³ ;CD â a �í ¾X�ïð �ÁG 4.55

\é7 1 �
4 5 ��¢� �  !(Retention Time)¢�ï �� DRAM��1 E

F% NAND FLASH23 (­ BlockxM N)� P °¢ÁÂST UM N(Single Bit)

Ñ . �¢Ä DRAMNF2 xÑ ��¾ÄH. / ¹ $ 50% IC�C
y�Â4 5

6�� �  !�< = #B? @ #	< A #��
< A #� � � 
è ¢�¾
%

Refresh � :ÂST UM NÁ��à ¢� !°' � d(�� 4.4�H)�ùú CD

 �]CD < = �� � �$
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$ � 4.5 xy23 4 5 6 � �  !���#B78 IC�� �  !( VTPV #9

:s	9 :;) B50%¹ $ IC � �  !�< A #	CD E F#(��# x1.5)0

1�� 

    Ä 50%¹ $ IC�g ��CD � �  !�­ 400ms(90�4 5 6)�CD ��

783 � ; IC78< A #x 440ms�¾Ää _­�23 4 5 6�< A #�x�

] IC$� ACTSR�CD E F#x��#� 1.5��e ®� 4.3.3 . / � Test Mode 

	CD â Z y23 4 5 6�à �Refresh��K L (. � 90� Refresh��x 48�s 

( 8192384 ÷ms ))ÀJ
�� DQM1º�» � IC��
�¹ - *+ ��¡ ³ �­

� �CD ����  

$

$

� �  ! 25� 45� 70� 90� 

��# 782ms 733ms 443ms 256ms 

78#( VTPV #9 :s) 402ms 371ms 259ms 249ms 

78#( VTPV #9 :;) 659ms 610ms 413ms 256ms 

¹ $ IC78< A # 1350ms 1250ms 720ms 440ms 

CD E F#(��# x1.5) 1173ms 1100ms 665ms 384ms 

 

   y 400ms(90�4 5 6)�g �CD E F�h:�g ��Âà ¢4 Ï Die �Row 

Spare Line	 Column Spare Line �� ��̀ i �G 4.57 	G 4.58�
� ��Ü

40%~60%(Row Spare Line Usage)	 10%~30%(Column Spare Line Usage)�� � Ä

� ���� � éhg ��CD � �  !À 400msù�V 450ms�� Vx 500ms�

Ä���Å IC78� �  !< A #%CD E F#°6 = �á � 5 !�­ù�

DRAM��1 � 

 

�4.5: 23 4 5 6� �  !���#B78#B< A #	CD E F# 01�$
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Row_Spare Line Usage VS Count
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Column_Spare Line Usage VS Count
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G4.58 : :�g � Column Spare Line�� ��%~�v �  ` i G$

G4.57 : :�g � Row Spare Line�� ��%~�v �  ` i G$
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��� � �  
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