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7-4 Xilinx Development System

LD_1

Transparent Data Latch with Inverted Gate

LD_1 is a transparent data latch with an inverted gate. The data output (Q) of the
latch reflects the data (D) input while the gate enable (G) input is Low. The data on the
D input during the Low-to-High gate transition is stored in the latch. The data on the
Q output remains unchanged as long as G remains High.

The latch is asynchronously cleared with Low output when power is applied. FPGAs
simulate power-on when global reset (GR) or global set/reset (GSR) is active. GR
(XC5200) and GSR (XC4000X, SpartanXL, Virtex) default to active-High but can be
inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Figure 7-4 LD_1 Implementation XC4000X, SpartanXL

Figure 7-5 LD_1 Implementation XC5200

XC3000 XC4000E XC4000X XC5200 XC9000 Spartan SpartanXL Virtex
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Power supply voltage(V) (reference voltage = 1.8V)
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Difference from reference temperature(27C) (C)

+:Voltage variations 

Measurement Noise(0.7%) 

Max temperature variation(4.82%) 

Max voltage variation( 3.74%)

�&5OSX0�F9: ¤ t  }[ £h��A�:U~GE]F95`E 7;5T?GI�?GK������nF9:=f9Da?XI�f9:=fyf9042 
H:QPj7;:Q<�79?�79:Q3UD�:=F;E]790�F9:6EGI�<�f904D�D�NOZ
~X?GNO7vE]SX:-PvA�EGI�SG:QfQz

3U:QIJ7vEGN�~GE]F95`E 7;5T?GI�fQz
LM~G:QIW58K�7;A�:�79:Q3UD�:=F;E]790�F9:h5TI4PQF9:QEGf9:=f�36?XFH:�7;A�EGI ^X[ <4:QSXFH:Q:Qf�79? #][ � V \
$ # � ^ / $ ��� zr��NTfH? \ |�5O7;A � ��� Da?}|":=F�f90�D4D�NOZ�~X?XN87vEGSG:C~]EGFH5`E]795T?XI \ $�� � ¤ / #]^ � z
�"?G7;A $ #
EGI�< $�� EGF9:�|u:QNON�2�:=NT?}|�79A�:h5TIJ7;:=F�t�PvA45TD>~]EGF95TE]7;5O?XI�?GK �G¤ � z

	 $ 	 $ 	 6W������ u� ! ��
�	��

��?XF_E*SX5O~G:QI �G^ t.2�5O7>PvA�EGNTNO:QI�SX: \ 587>7vEGx]:Qf  G[ % ��Kb?XF_E]In5OI�D�047�FH5Tf95OI�S*:Q<4SX:�7;?*7;F9EGI�f93U5O7
EGP=F9?XfHf%79A�: �G^ t�f�7vEGSG:�D�EGF;E]36:j7;:QFH5Ts=:Q<�<�:QNTERZ@PQ5OF9PQ045O7%EGI�<U:=~]EGNO0�E]79:�EGI6?G047;D�017"E 7
7;A�:rEGF9245O7;:=FQz
��A�:=F9:=Kb?GF9: \ 5OK%|":U|gE]I$7C7;?�SX:=I�:QF9E]7;: ^  G[ V 	 �
fC7;?�<�5Tf�7;5TI4SX0�5TfHA�2�5TNONT5T?GI�f�?GKgEGF9245O7;:=F�t.2�EGf9:=<
�����&fk��PjK+z /1:=P=795T?XI ^ z ^ � \ 5O7U7vE]xG:Qf�EG2�?G047 � � z  $ �Xz���A�5Tf65TfUf904�UPQ5O:QIJ7;N8Z K�E]fH7UKb?XFw3U?XfH7
EGD�D4NT5TPQE]7;5O?XI�f�fH5TI�P=:UE����r�n5OfC:j~]EGNT0�E 7;:Q<�?XI4NOZk5OI4KbF9:=e$0�:QIJ7;N8Zk7;?�?X247;EG5TI�E>f9:=PQFH:=7RzU� :�PQEGI
EGNOf9?�2a?1?Xf�7�7;A�:
Da:QF�Kb?XF936EGI�P=:
2JZ-F9:=D�NT5OPRE]795TI�Sg3q0�NO795TD�NO:&<�:=N`ERZ�D�E 7;A�f¡EGI�<CEGFH2�5O79:QFHf�7;?�:=~]EGNO0�E]79:
7;A4:CFH:QfHD�?XI4f9:Qf�5TI_D�E]F;EGNONT:QN�z

	 $ 	 $ � l �u��
��

L
NT:=P=7;FH?]t�3U5TSGF;E]795T?XI6EGI�<_A�?G7�t�PQEGF9FH5T:QF": ��:QP=79f�PREG0�fH:-7;A�:hNT?GI�S]t.79:QFH3 <4:QSXF9EG<�E]795T?XI>?GK¡7;A4:-F9:QNO58t
EG2�5ONT587�Z�?GK�|�5TFH:Qf�EGI4<w7;F9EGI�f95OfH79?XF9fg5OI>EGI���V � ^ � z
/15TI�P=:�7;A4:�2�:=A�ER~o5T?XFg?]K¡Ey������F9:=NT5O:Qf"?GI�5O79f

^J[



0 5 10 15 20 25
0

0.5

1

1.5

days

no
is

e 
pe

rc
en

ta
ge

 (
%

) O.7% measurement noise 
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Model 1: Linear PUF Model

Model 2: Linear PUF Model 
                        with Non−linear Noise 
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X: the curve of η according 
     to the number of PUFs 

The number of PUFs (σ
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 = 1.75) 
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