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1. �� ��(Flip-Flop) 	 
�(Latch) � 
�

VHDL � ��� Z[ Z\(Flip-Flop)( ]^(Latch)� "#+� D_(
>
 jk� 2l= �� '(� �+, TU B"� ��.

[�� 1] ��� ��� 	
 ��-�
 (Asynchronous Reset Flip-Flop)

mn
 -o p�(rising-edge trigger))� qr+� sr" Ht Z[-Z
\(Asynch. Reset Flip-Flop)
 "#u �v( w�.

PROCESS (clock)
BEGIN
    IF reset=’1’ THEN
        q <= ‘0’;  -- RESET Fx)� -4$.
    ELSIF clock=’1’ AND clock’EVENT THEN
        q <= d;
    END IF;
END PROCESS;

Ht(reset) Fx)� $.u -4y IJM �z��{ |� }~� $
.y IJ ��'(� �� ��! ��| A�� IJ) �� ��!
�� �+� ��"� 5�.

u1 : PROCESS(clk,reset)
  BEGIN



    IF reset='1' THEN
        o1 <= '0'; -- RESET ���� �� ‘0’ ��
    ELSIF clk'event AND clk='1' THEN
        o1 <= b;
    END IF;
  END PROCESS;

u2 : PROCESS(clk,reset)
  BEGIN
    IF reset='1' THEN
        o1 <= a; -- RESET ���� 	
� ��
    ELSIF clk'event AND clk='1' THEN
        o1 <= b;
    END IF;
  END PROCESS;

~� 1u H� Fx) -4 $.� IJ(u1)= }~� $.� IJ(u2)

 �� '(� B,��. }~� $.
 IJ �� '(� B� ��
‘a’) *+, Set/Reset
 IJ� ��6 ��<6 5�.

~� 1. H� Fx) -4 $.� IJ(o1)= }~� $.(o2)� IJ

�� '(

[�� 2] �� �/�� �� �
 (Synchronous Set/Reset Flip-Flop)

mn
 +� p�(falling-edge trigger))� qr+� r" Set/Reset 8s�
Z[ Z\
 "#u �v( w�.



PROCESS (clock)
BEGIN
    IF clock=’0’ AND clock’EVENT THEN
        IF reset=’1’ THEN
            q(7 downto 0) <= “11110000”;
        ELSE
            q(7 downto 0) <= d(7 downto 0);
        END IF;
    END IF;
END PROCESS;

 = wu IJ q(7 downto 4)� r" �� �� Z[ Z\�e q(3
downto 0)� H�� �� Z[ Z\��. IF 9
 FxE) SIGNAL
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�% mn
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PROCESS (clock)
BEGIN
    IF clock’EVENT THEN
        IF clock=’1’ THEN
            q(7 downto 0) <= e(7 downto 0);
        ELSE
            q(7 downto 0) <= d(7 downto 0);
        END IF;
    END IF;
END PROCESS;

~�� |� edge
 Da� �¤�� IF Fx9) -4 $.� ¥¦+
� IJ)� �� M¡+�. §�
 ‘EVENT ��|� ��� Fx9)
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�= ª�+�
�y� �«¬ NOM 5�.

PROCESS (clock)
BEGIN
    IF clock’EVENT THEN
        IF clock=’1’ THEN
            q <= ‘1’;
        ELSE
            q <= d;
        END IF;



    END IF;
END PROCESS;


� 2. 
�� ‘EVENT ���� ��� ����� ����� ��
��� �� ��

[�� 3] �� (Latch)

Fx9
 Fx E) ‘EVENT ��� j�+� ­u IJ ]^(Latch)M
��. �% Fx9)� ®¯ Fx
 IJ) *+, $.<� ­� IJ
 NO� ]^M <°� MUX = wu F� ��� "# $ % >
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PROCESS (LE, d)
BEGIN
    IF LE='1' THEN – Latch Enable
        q <= d;
    END IF;
END PROCESS;


� 3. � � ����

®¯ Fx
 IJ� »£�� ��<�¼ ¦Q��  NO� ]^
 ;
�� ½$4 5�.

IF Fx9)� ELSE� j�+,  NO� ]^M ¶;+� �� ½$
4 5�.



IF (SEL=”01”) THEN
    Output <= a;
ELSIF (SEL=”10”) THEN
    Output <= b;
ELSE
    Output <= (OTHERS=>’-‘);  -- "¤Fx) ‘-‘(don’t care)� $.
END IF;

¾¿9)�� OTHERS Fx� j�+,  NO� ]^M ¶;+� �
� ½$ 4 5�.

CASE SEL IS
    WHEN “01” =>
        Output <= a;
    WHEN “10” =>
        Output <= b;
    WHEN OTHERS
        Output <= (OTHERS=>’-‘);
END CASE;

[�� 4] Clock Enable � Gated Clock

Z[-Z\
 mn �HÀ� l6+"  � D_Q� Clock Enable (
Gated Clock� j���. Gated Clocku �v( w�.

PROCESS(clk, CE)
BEGIN
    IF CE='1' AND clk'event AND clk='1' THEN -- Gated Clock
       q <= d;
    END IF;
END PROCESS;


� 4. Gated Clock !" !#

Gated Clock( w� mn) ���� �( }Á� D_u ÂÃ��

rq) ÄH^� ¶;}Á� µy� <°� ÅJ Æ� ­�. ÂÃ��



� "#$ %)� 6Ç� IJ)� mn) ���� È�� ­�¼ !
7 ��. ��� VHDL ��"hu �	) Gated Clock� ¶É<� I
J Ie Ê}�� ¹�+À� Clock Enable Z[ Z\Q� ��! Ë�.
�vu Clock Enable Z[ Z\
 VHDL "#( �� '(��.

PROCESS(clk,CE)
BEGIN
    IF clk'event AND clk='1' THEN
        IF CE='1' THEN
            o2 <= d;
        END IF;
    END IF;
END PROCESS;


� 5. Clock Enable !" !#

Gated Clock � j�� IJ Z[-Z\
 mn) ÄH^ ¶;Q� y+
, ��
 rq�  Ì!�e 01� �* rq��
 ÍMM �C6�
� ­� 4 5�. *ªÎ ��"hu Gated Clock� D�+"  +,
Target Device) Clock Enable ��Ï�H� �� ­u IJ MUX � �
�+, ����.


� 6. Clock Enable !" !# $�%&'( )* +� �� ����




� 7. ,-./ 01� �2� Clock Enable(a)� Gated Clock(b)� 3
�� ��� 45

[�� 4] �� ��� �� ��-�
� ��� ��

ÐÑ 89(Dataflow))� ]^ K Z[-Z\
 "#u �v( w�.

-- Edge Sensitive Sync Reset F/F
B1 : BLOCK (clk’EVENT AND clk=’1’)
BEGIN
    q <= GUARDED ‘0’ WHEN reset=’1’ ELSE d;
END BLOCK;

-- Clock Enable
B2 : BLOCK (clk’EVENT AND clk=’1’)
BEGIN
    q <= GUARDED D WHEN CE=’1’ ELSE q;
END BLOCK;

-- Level Sensitive Latch
B1 : BLOCK (le)
BEGIN
    q <= GUARDED d;
END BLOCK;



PROCESS u ÂÃ89 Ò¼�{ BLOCKu ÐÑ89� ¥¦��. �Ó
*ªÎ ��"h� PROCESS= BLOCK, GUARDED 89h� ®Ô �
µ +�| �ª ��"hu GUARDED� �µ+� ­� IJ� 5�.
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�� �z��{ �� ÂÃ 89) 
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[�� 5] WAIT ��� �� �� �
� ��

�vu WAIT 89) 
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) s+, Z[-Z\
 Ý1� ��� M¡+e �4) 
� ]^� D
�$ 4 5� ±?� 5�. ��� Z[-Z\
 "#) WAIT 89� ¾
�<"� ��.

PROCES
BEGIN
    WAIT UNTIL clk’EVENT AND clk=’1’;
    q <= d;
END PROCESS;

[�� 6] �� ��� �
 �� �


zÞ ¹�� �� Z[-Z\
 "#u �v( w�.

architecture behave of resolve is
signal sq : std_logic;
begin

  a : PROCESS (d, clk)
  BEGIN
    IF clk='1' AND clk'EVENT THEN
      sq <= d;
    END IF;
  END PROCESS;
  q <= sq;
  qbar <= NOT sq;

end behave;

�v( w� "#� IJ zÞ ¹��  !� 2ß
 Z[-Z\Q� �
�<°� >
 ��. ÔM� zÞ ¹� Z[-Z\
 �� '(� ~� 8
( w�.



b: PROCESS (d, clk)
BEGIN
    IF clk='1' AND clk'EVENT THEN
      q <= d;
      qbar <= NOT d;
    END IF;
END PROCESS;

(a)

(b)

� 8. 67 89� )� !"-!# ��

2. Tri-State, Bi-Directional Buffers

HDL� ��� �	)� }~�
 $.u ÐÑ� �C6à�. �% �
� ¶;+� 9l�� Multiple-Drive
 IJ��. �vu Multiple-Drive
� IJ
 2��. -o( +� mn)� �� ¹� o� $.� �C6
�� Multiple-Drive� ¬4 5�. á/ ` Da� bc� �C� IJ
��( ¹�� ��$ % bc âã(Multiple-Drive)
 IJM ¶;+�
­�¼ �ä/ >
+,7 ��.

[�� 6] Multiple-Drive � Resolved Signal “std_logic”

architecture behave of resolve is
begin

  u1 : PROCESS(clk)
  BEGIN
    IF clk'event AND clk='1' THEN
        o <= a;



    END IF;
  END PROCESS;

  u2 : PROCESS(clk)
  BEGIN
    IF clk'event AND clk='0' THEN
        o <= b;
    END IF;
  END PROCESS;

end behave;

¥� �u }~�
 ¾å) std_ulogic
 resolved typey std_logic� j
�+� �u Multiple-Drive� IJ <� )� ÙH) NO+" %9�
�.  
 [2l 6](  wu ARCHITECTURE) �¹� §�M A]=
w� resolved type y std_logic Q� ¾å� IJ )� �� VHDL æç
�-}èé�ê ��.

ENTITY resolve IS
PORT ( a, b, clk : IN  std_logic;
       o   : OUT std_logic );
END resolve;

~�� }èé�ê� 4Ü+� a M ‘1’, b M ‘0’ �u aM ‘0’, b M ‘1’
� % ¹� o� ‘X’ (unknown)� ��. �� ¹� §� o) multiple-
drive âã� 5�� �� 
ë+� ���. s¼ Resolved � }~� ¤
� std_logic� j�+, )� �� }èé�ê 4Ü� IJ��
Multiple-Drive� ��<� ­��. ��") �� “Combinational loop”M
5�� Ie Ê}�= ¦ì ��<"� +�í, ��� ��'(� '
� î®M �� <°� >
 +,7 ��. ~� 9�  
 Multiple-Drive
2� VHDL æç� }èé�ê � '(��. ~�� �=  wu
Multiple-Drive� ��<� ­��. IJ) �� ��ï %� 5�í �
�� '(� TUB� VHDL "¡(functional) }èé�ê(� Þð ��
�| A�� Þð M^M ��.


� 9. Multiple-Drive� 	:;�<

|� ¹� o M �v( w� Unresolved type y std_ulogic, �u bit type
Q� ¾å� IJ)� VHDL æç�-}èé�ê <� ­e “non-
resolved signal multiple drive” )�� Ë�.



ENTITY unresolve IS
PORT ( a, b, clk : IN  bit;
       o   : OUT bit );
END unresolve;

VHDL )� Std_logic( w� resolved §�� 4�+� �Ú� }cñ
yòó�c� "#� M¡+� $ 4 5" *9��. `Da� }cñ
ô� bc) g'<� IJ Tri-state� bõ� j���. ���
Resolved typey std_logic� j�+� }cñ yòó�c� "#$ 4
5�.

[�� 7] VHDL � �� Tri-State� ��

out_bus <= in_bus1 WHEN ena_1=’1’ ELSE (OTHERS=>’Z’);
out_bus <= in_bus2 WHEN ena_2=’1’ ELSE (OTHERS=>’Z’);

� Tri-State Bus2)�� Ôß
 enable §�, ena_1( ena_2) 
+,
¾¿<� ö� ¹� bc out_bus� $.��. �% out_bus� Multiple-
Drive<6 5Q°� ena_1( ena_2M r}) ‘1’� <� ­�¼ !7
��. Tri-State Buffer
 Dataflow "#u �v( w�.

u1 : PROCESS(clk)
BEGIN
    IF ena_1='1' THEN
        out_bus <= in_bus1;
    ELSE
        out_bus <=  (OTHERS=>’Z’);
    END IF;
END PROCESS;

u2 : PROCESS(clk)
BEGIN
    IF ena_2='1' THEN
        out_bus <= in_bus2;
    ELSE
        out_bus <=  (OTHERS=>’Z’);
    END IF;
END PROCESS;

[�� 8]  !" #$

í�ò bc(data bus)� }cñ ô� bc) `Da(Bi-Directional)Q�
yòó�c <°� }cñ bc� ?Ú+� ­� %)� bc) Tri-
State -÷�67 ��. �vu `Da bc� "#� 2��.



ENTITY uart_top IS
PORT ( clkx16 : IN std_logic;
       read, write, reset : IN std_logic;
       rx : IN std_logic;
       tx : OUT   std_logic;
       rxrdy, txrdy : OUT std_logic;
       parityerr, framingerr, overrun : OUT std_logic;
       data : INOUT std_logic_vector(7 downto 0) ); -- Bidirectional
data bus
END uart_top;

ARCHITECTURE struct OF uart_top IS

COMPONENT uart
PORT ( clkx16 : IN std_logic;
       read : IN std_logic;
       write: IN std_logic;
       rx : IN std_logic;
       reset : IN std_logic;
       tx : OUT std_logic;
       rxrdy : OUT std_logic;
       txrdy : OUT std_logic;
       parityerr : OUT std_logic;
       framingerr : OUT std_logic;
       overrun : OUT std_logic;
       rxhold : OUT std_logic_vector(0 TO 7);
       txhold : IN std_logic_vector(0 TO 7) );
END COMPONENT;

SIGNAL txhold : std_logic_vector(0 TO 7);
SIGNAL rxhold : std_logic_vector(0 TO 7);

BEGIN

    u_uart : uart
    PORT MAP ( clkx16, read, write, rx, reset,
               tx, rxrdy, txrdy, parityerr, framingerr, overrun,
               rxhold, txhold );

    -- Drive data bus only during read
    data <= rxhold WHEN read = '1' ELSE (OTHERS=>'Z');

    -- Latch data bus during write
    txhold <= data WHEN write = '1' ELSE txhold;

END struct;



`Da�(INOUT) PORTy “data”� ®ø �ª)� �� �u ¹�Q�
ÎH+, j�+"  +, Ôß
 �ª SIGNAL “txhold”= “rxhold” �
¾å+ù�. `Da bcM ¹�Q� qr +� IJ Tri-State Buffer�
��+{ ��� %� ]^� ¥¦��. ~� 10u [2l 8]
 `Da�
bc
 �� '(��. ¹�
 Tri-State= ��� IJ ]^ ªÎu ~
� 10(b)= w�.

(a)

(b)




� 10. =>? @A� �� ��


