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Critical Timing Analysis:

1. Data set-up time:
tA + tSD � tCKW 

2. Enable set-up time from Empty flag:
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 +( 6,/,0* ,/2.,&$6,105 $4( &105,'(4(' ,0 6+( 5(&=

6,10 10 &4,6,&$. 6,/,0* $0$.;5,5�

� '$6$ 2,2(.,0( 4(*,56(4 9,6+ 6+4((=56$6( 176276 '4,8=

(45 &$0 $.51 %( 75(' 61 ,51.$6( 6+( �� �,0- �(&(,8=

(4 2$4$..(. 2146 )41/ 6+( ���� 94,6( 2146 9+,.( 241=

*4$//,0* 6+( �#��
�" ���� ).$*5� � �=%,6

241*4$/ 914' )41/ $0 (:6(40$. 5174&( &$0 %( 94,6=

6(0 ,061 6+( ���� '74,0* $ �$56(4 �(5(6 &;&.(�  +(

241*4$/ 914' 5(65 6+( �./156 �/26; $0' �./156

�7.. ).$*5 $0' 5(65 6+( ���� 2$4,6; 126,10�


�������� ��� ����������� ��� �	��

 +( +,*+(4=.(8(. &10641..(4 5+17.' 2(4)14/ $ ����

�$56(4 �(5(6 &;&.( $)6(4 219(4=72� %()14( 0(9 '$6$

,5 4(&(,8('� ,) $0 (4414 1&&745� 14 ,0 14'(4 61 241*4$/

6+( ���� ).$*5� � �$56(4 �(5(6 &;&.( ,5 $&&1/=

2.,5+(' %; $55(46,0* 6+( �� 2,0 10 6+( ���� ��!�

�412(4 4(5(66,0* 14 241*4$//,0* 4(37,4(5 6+$6 ��

%( *.,6&+ )4((� �0 $'',6,10� 0(,6+(4 $ 4($' 014 $ 94,6(

&$0 1&&74 10 6+( &;&.(5 ,//(',$6(.; 24(&(',0*� '74=

,0*� 14 )1..19,0* 6+( $55(46,10 1) �� 70.(55 6+(

���� ,5 %(,0* 241*4$//('� �) 6+( ���� ,5 016 %(,0*

241*4$//('� 6+( 4(&(,8(4 56$6( /$&+,0( 5+17.' 4(=

/$,0 ,0 6+( !��  56$6( '74,0* 6+( �$56(4 �(5(6

&;&.(�

�0 14'(4 61 241*4$/ 6+( ����� 6+( +,*+(4=.(8(. &10=

641..(4 5+17.' 276 6+( '$6$ 2,2(.,0( 4(*,56(4 ,0 6+(

+,*+ ,/2('$0&( 56$6(�   +( 241*4$/ 914' ,5 6+(0

5722.,(' 61 6+( ���� %; $0 (:6(40$. 5174&( �'$6$

%75� &10641..(4� (6&���  +,5 914' ,5 94,66(0 ,061 6+(

���� ,06(40$. 241*4$/ 4(*,56(4 '74,0* 6+( �$56(4

�(5(6 &;&.( 10 6+( 4,5,0* ('*( 1) 6+( &.1&- 6+$6 ,5 (0=

$%.(' %; ��! $55(46(' ��!�
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WAIT

TEST

WRITEGO

Test Test

STOP

BISTEN

ENW = STOP+RDY

������ �� ����� �� ���������� 
���� �������

Empty = E/F�HF

Full = E/��HF

REFRAME

RF

SYNC

RDY

Reframe

Reframe

GO = Receive�Reframe�Test

Waiting

STOP = Receive

PROGRAM

ENW

Program
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���!����

�'$ �2(*18�, �$*%8�$01 +-#$ (0 $5$/"(0$# !6  00$/1(,&

1'$ ������ .(, -, 1'$ ����(,) �$"$(3$/� �.-,

$,1$/(,& ����� 1'$ ����(,) �$"$(3$/ 4(** 4 (1 %-/

1'$ ���� (,(1( *(7 1(-, "-#$  ,# 1'$,  00$/1 �
�

��� 4'$, 1'$ "-#$ ' 0 !$$, /$"$(3$#� �
� 4(**

.2*0$ ���� -,"$ .$/ /$"$(3$# ���� *--.� ��� 4(**

.2*0$ ���� (%   !61$ . 11$/, +(0+ 1"' -""2/0�

�
�  ,# ��� " , !$ +-,(1-/$# !6 1'$ '(&'$/8*$3$*

"-,1/-**$/ 1- "' / "1$/(7$ 1'$ (,1$&/(16 -% 1'$ *(,)�

���������� 
���� �����������

� 01 1$ #( &/ + %-/   /$"$(3$/ 01 1$ + "'(,$ (0

0'-4, (, ������ �� �(3$ 0(+.*$ 0(&, *0 "-,1/-* 1'$ (,8

1$/% "$� �'$ �$"$(3$ 0(&, * (,01/2"10 1'$ 01 1$ + 8

"'(,$ 1- 01-/$ 4-/#0 (,1- 1'$ ���� 4'$, �
�

.2*0$0 ���� 
$ 00$/1(-, -% �$"$(3$ $,#0 # 1  /$8

"$.1(-,  !/2.1*6� �'$ �$%/ +$ 0(&, * 1$**0 1'$ 01 1$

+ "'(,$ 1- 06,"'/-,(7$ 1'$ ����(,) �$"$(3$/ 1-

1'$ 0$/( * # 1 �  �'$ �$01 0(&, * %-/"$0 1'$ ����(,)

�$"$(3$/ 1- $,1$/ ���� +-#$  ,# 1'$ �/-&/ + 0(&8

, * " 20$0 1'$ 01 1$ + "'(,$ 1- 4/(1$   4-/# (,1- 1'$

���� (,1$/, * ./-&/ + /$&(01$/� �'$ � (1(,& -218

.21 0(&, * (0  00$/1$# 4'$, 1'$ 01 1$ + "'(,$ (0 (,

1'$ ���� 01 1$�

�2**  ,# �+.16 0(&, *0  /$ #$"-#$# %-/ 1'$ "-,3$8

,($,"$ -% 1'$ '(&'$/8*$3$* "-,1/-**$/ 1-  00(01 (,

/$ #(,& # 1  -21 -% 1'$ ����� �'$ ./-&/ ++ !*$

%* &0 + 6  *0- !$ #$"-#$# (% 1'$6 ' 3$ !$$, ./-8

&/ ++$#� �1 (0 (+.-/1 ,1 1' 1 1'$ %* &0 !$ +-,(8

1-/$# !$" 20$   %2** ���� 4(** (&,-/$  11$+.1$#

4/(1$0� �'$ '(&'$/8*$3$* "-,1/-**$/ (0 /$0.-,0(!*$ %-/

(,02/(,& 1' 1 1'$ ���� #-$0 ,-1 !$"-+$ %2**�

�'$ ������� 01 1$ (0 $,1$/$# !6 1'$  00$/1(-, -%

�$%/ +$ %/-+ 1'$ ���� 01 1$� �'$ �������

01 1$ (0 20$# 1- 06,"'/-,(7$ 1'$ /$"$(3$/ 1- 1'$ (,8

"-+(,& 0$/( * # 1  01/$ +� �'$, 1'$ 01 1$ + "'(,$

 00$/10 ��� 1'$ ����(,) �$"$(3$/ 06,"'/-,(7$0 (10

(,1$/, * !(1 "-2,1$/ 4(1' /$"$(3$# ��
�� "' / "1$/0�

�
� 4(** .2*0$ ��� 4'$, 1'$ %(/01 06,"'/-,(7$#

��
�� "' / "1$/ (0  3 (* !*$� �'$ 01 1$ + "'(,$ 4(**

/$12/, 1- 1'$ ���� 01 1$ 4'$, 1'$ 0$/( * # 1  ' 0

!$$, /$06,"'/-,(7$#  ,# �$%/ +$ (0 #$ 00$/1$#�


 1  /$"$.1(-, (0 (,(1( 1$# !6  00$/1(,& 1'$ �$"$(3$

0(&, * 4'(*$ 1'$ 01 1$ + "'(,$ (0 (, 1'$ ���� 01 1$�

�'$ "-,1/-**$/ 4(** (++$#( 1$*6 1/ ,0(1(-, 1- 1'$

����� 01 1$  ,# 01-/$ # 1  4'$, �
� (0  00$/1$#
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� '� $1. '"�$� ;<*<. ,76<26=*44@ ?:2<.; >*42-

,1*:*,<.:; 26<7 <1. ���  =6<24 ".,.2>. 2; -.*;B

;.:<.-� �76<:74 <1.6 :.<=:6; <7 <1. '��$ ;<*<. *6-

'*2<260 2; *;;.:<.-�

$1. ��#$ ;<*<. 2; 26,4=-.- /7: 1*6-4260 <1. �=24<B�6

#.4/B$.;<� �=:260 ��#$� ?:2<260 <7 <1. ���  2; -2;B

*+4.-� �;;.:<276 7/ "&# ?244 ;206*4 * ,1*:*,<.: :.B

,.8<276 .::7:� "�) ?244 8=4;. 76,. 8.: ��#$ 4778

*6- ;17=4- +. =;.- <7 ,7=6< <1. 6=5+.: 7/ ��#$

4778; :.,.2>.-� $1. 1201.:B4.>.4 ,76<:744.: ,7=4-

5762<7: <1.;. ;206*4; 26 7:-.: <7 ,1*:*,<.:2A. <1.

4263�

$1. !" �"�� ;<*<. ?:2<.; <1. 8:70:*5 ?7:- 26<7

<1. ���  26<.:6*4 8:70:*5 :.02;<.:� $12; ;<*<. 2; .6B

<.:.- /:75 <1. '��$ ;<*<. *< <1. ,755*6- 7/ <1.

1201.:B4.>.4 ,76<:744.:� !:70:*55260 ;17=4- 764@

+. 8.:/7:5.- -=:260 * �*;<.: ".;.< ,@,4. ��"

� '�� �6 7:-.: <7 5..< <1. ���  8:70:*55260

<25260 :.9=2:.5.6<;� 2< 2; :.,755.6-.- <1*< *<

4.*;< 76. ,47,3 ,@,4. 7,,=: 76 .*,1 ;2-. 7/ <1. 8:7B

0:*5 ,@,4. ?124. �" 2; � '� $1. 1201.:B4.>.4 ,76B

<:744.: 2; :.;876;2+4. /7: 5..<260 <1. ;8.,2/2, 8:7B

0:*55260 <25260 :.9=2:.5.6<; -2;,=;;.- 26 <1.

".;.<<260 *6- !:70:*55260 <1. ���  ;.,<276 7/ <1.

�)���
( -*<*;1..<�

�����
�� 
����� ��������

$25260 *6*4@;2; /7: +7<1 <1. 828.426.- *6- =6828.B

426.- 26<.:/*,. *:. 8:.;.6<.- 26 <12; ;.,<276� � $25B

260 -2*0:*5 2; 8:7>2-.- /7: <1. :.,.2>.: 26<.:/*,.

<1*< -7.; 67< 26,4=-. <1. 78<276*4 :.02;<.:� �:2<2,*4

<25260 :.4*<276;128; *:. 8:7>2-.- *< <1. +7<<75 7/

������ �� $12; -2*0:*5 12014201<; <1. ,:2<2,*4 <25260

7/ <1. "�) 8=4;.� $1. 26<.:/*,. <25260 ?2<1 828.B

426. :.02;<.:; 2; ;<:*201< /7:?*:- *6- <1. :.;=4<; *:.

8:.;.6<.- +.47?�

$1. <25260 *6*4@;2; *;;=5.; <1*< <1. ;<*<. 5*,126.

;<*<. +2<; *:. ;<*+4. *6- >*42- +./7:. *6@ ,:2<2,*4 ;20B

6*4 2; *>*24*+4. <7 <1. ;<*<. 5*,126. *6- <1*< ;<*<. +2<

;.<B=8 <25. 2; 67< *6 2;;=.� $12; *;;=58<276 *447?;

<1. ;<*<. 5*,126. <25260 <7 +. 57-.4.- +@ 2<; ,75+2B

6*<7:2*4 <!��

������������ 
�����

$1. -.4*@.- "�) 8=4;. <201<.6; <1. <25260 5*:026;

76 <1. :.,.2>.: ,76<:744.:� $1. ;<*<. 5*,126. ,75B

+26*<7:2*4 -.4*@ /7: 0.6.:*<260 7=<8=< ,76<:74 ;20B

6*4; /:75 >*42- 268=<; 2; 57-.4.- *; <!�� $1. ��� 

.6*+4. ;.<B=8 <25. 2; <#���� 6;� �;;=5260 <��" 2;

�	 6;� <1. ,76;<:*26< 76 <!� 2;

':2<. .6*+4. 0.6.:*<276 <25. /:75 "�) � '�

tPD � 1/2 tCKR – tSEN  –3 ns = 5 ns �9� �

� �	B6; ,47,3 8.:27- .*;.; <1. <25260 ,76;<:*26< <7

* 57:. :.*;76*+4. 
	 6;�

$1. 8*:*44.4 -*<* 1*>. 67 8:7+4.5 5..<260 <1. <25B

260 ,76;<:*26<; 2587;.- +@ * �	B6; ,47,3 8.:27-� $1.

� $�263 ".,.2>.: *,,.;; <25.� <�� 2; � 6; *6- <1.

���  -*<* ;.<B=8 <25.� <#�� 2; � 6;�

�:2<2,*4 -*<* <25260�

tA + tSD � tCKR �9� �

$12; *;;=5.; 67 <:*,. -.4*@; 7: ,47,3 ;3.?�
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�����

'2<1 <1. 78<276*4 828.426. :.02;<.: 26;.:<.-� <1. <25B

260 ,76;<:*26< 76 <1. ,76<:744.: 2; .*;.-� � :.02;<.:

*,,.;; <25.� <�"� 7/ 
	 6; *6- ;.<B=8 <25.� <#%� 7/ 


6; *:. *;;=5.-� %;260 * �	B6; ,47,3� <1. � $�263

".,.2>.: *,,.;; <25. 2; <� � <��"�
 �� 6; � � 6;�

$1. ,76;<:*26< 76 <1. ,75+26*<7:2*4 -.4*@ <1:7=01

<1. ,76<:744.: 2;

':2<. .6*+4. 0.6.:*<276 <25. /:75 "�) � '�

tPD � tCKR –tAR –tSEN = 13 ns �9� 


$1. � $�263 -*<* *6- "�) 8=4;. <25260

,76;<:*26<; <7 <1. 828.426. :.02;<.: *:.

�*<* ;.<B=8 <25.�

tA + tSU� tCKR �9� �

"�) ;.<B=8 <25.�

tSU � 1/2tCKR – 3 ns �9� �

$1.;. ,76;<:*26<; *:. .*;24@ 5.<�
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CKR

ENW

DATA

Waiting

Reframe

Receive

LOW

WRITE WRITE WRITE WAIT WRITE WRITE

tA tSD

tCKR

K28.5

RDY

WRITE

tPRH tPRF

tRH

tPD tSEN

Critical Timing Analysis

1. Data set-up time:
tA + tSD � tCKR

2. Write enable set-up time from RDY going LOW:
tPD + tSEN �  tPRF

������ �� �������� ������ ��
��
�

Valid

tPRF

tPD
tSEN

Critical Path
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