
EEC116 Prelab #5 Solution 

1. Edge-Triggered Flip-Flop Design 

1.1 and 1.2 

The schematic of a positive edge-triggered flop-flop is below. The PMOS 

transistor in the inverters should be sized for equal rise and fall time at the 

inverter’s output. The PMOS transistor in the transmission gates has the same size 

as the PMOS transistor in the inverters. 

 

 

 

 

 

 

 

To size the inverters, we set the inverter’s switching threshold to 
����  and solve for �� , 

��	,
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where � %&'=()*+,-./*0* 1)2+,-3/202 4 = (%�53/*678495:3;<86784 = 0.028>�� 

0.9 = 0.5 + 0.028>��!1.8 − 0.55$1 + 0.028>��  

0.9 + 0.0252>�� = 0.5 + 0.028>��!1.8 − 0.55$ = 0.5 + >��0.035 



0.4 = 0.0098>�� 

�� = 1665.97	DE → 1620		DE	GH	1710	DE	!IDJKLHMN	EONJIPNK	GQ	90DE$,	 
MDR	S� = S� = 180	DE, MDR	�� = 450	DE 

 

1.3 The setup time is the time the D-input has to be stable before the active edge 

so that the D-input can propagate to the input of the slave stage and be held. In this 

case, the longest possible propagation delay will determine the setup time.  Here, 

we assume T�,UV = T�,VU = T�because of equal rise and fall times. 

��S� = 450180 = 2.5 

W�!�GOJ = XKLIDDIDL	GQ	JHMDYIJIGD$ = 350OZ��2 2.5	!1.8 − 0.5$� = 739OZ 

W� .�GOJ = �RR2 1 = 350OZ�� 2.5	 �!1.8 − 0.5$0.9 − 0.9�2 � = 669.375OZ 

W�,[��[\]704.2OZ 

^�� = 12 . 1.8739OZ + 0.9669.375OZ1 = 12 !2436 + 1345$ = 1890.5	GℎEY 

^`,��[���
��
��	\[� = 1������ − ��	,�� + ������ − a��	,�a�
= 1
875 ∗ 10cd!1.8 − 0.5$ + 125 ∗ 10cd ∗ 1620180 !1.8 − 0.55$

= 11137OZ� + 1406.25OZ� = 393.2	eℎEY 

Inverter’s input capacitance: = 2*f\ ∗ !0.18	OE ∗ !1.620	OE + 0.45	OE$$=10.05 fF 

Inverter’s output capacitance: = 2*f� ∗ !1.620	OE + 0.45	OE$=55.89 fF 

Transmission gate’s input capacitance: = 2*f� ∗ !1.620	OE + 0.45	OE$=55.89 fF 

Transmission gate’s output capacitance: = 2*f� ∗ !1.620	OE + 0.45	OE$=55.89 fF 



The setup time is: T�g = 0.69 ∗ !393.2	 ∗ !2 ∗55.89 +10.05$	+1890.5 ∗ !55.89+ 2 ∗10.05$+	1890.5*(55.89+55.89))=0.69*(48 ps +143 ps + 211.3 ps) = 277 ps  

The clock to Q time is the time starting when the clock arrives (low to high transition), to the 

time output makes a transition.  

The clock-q time is:	Thc` = 0.69 ∗ !393.2	 ∗ !2 ∗55.89 +10.05$	+1890.5 ∗ !55.89 +10.05$)=0.69*(48 ps +124.6 ps) = 119 ps 

 

 

 

  

 


