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1. Explain any five latch circuits. 

Answer:  

Figure a) shows a very simple transparent latch built from a single transistor. It is compact and fast 

but suffers four limitations. The output does not swing from rail-to-rail (i.e., from GND to VDD); it never 

rises above VDD – Vt. The output is also dynamic; in other words, the output floats when the latch is 

opaque. If it floats long enough, it can be disturbed by leakage. D drives the diffusion input of a pass 

transistor directly, leading to potential noise issues and making the delay harder to model with static 

timing analyzers. Finally, the state node is exposed, so noise on the output can corrupt the state. The 

remainder of the figures illustrate improved latches using more transistors to achieve more robust 

operation. 

 

 



 Figure b) uses a CMOS transmission gate in place of the single nMOS pass transistor to offer rail-to-

rail output swings. It requires a complementary clock ɸ, which can be provided as an additional input 

or locally generated from ɸ through an inverter. Figure c) adds an output inverter so that the state 

node X is isolated from noise on the output. Of course, this creates an inverting latch. Figure d also 

behaves as an inverting latch with a buffered input but unbuffered output. The inverter followed by a 

transmission gate is essentially equivalent to a tristate inverter but has a slightly lower logical effort 

because the output is driven by both transistors of the transmission gate in parallel. Figure c) and d) 

are both fast dynamic latches. In modern processes, subthreshold leakage is large enough that 

dynamic nodes retain their values for only a short time, especially at the high temperature and voltage 

encountered during burn-in test. Therefore, practical latches need to be staticized, adding feedback to 

prevent the output from floating, as shown in Figure e). When the clock is 1, the input transmission 

gate is ON, the feedback tristate is OFF, and the latch is transparent. When the clock is 0, the input 

transmission gate turns OFF. However, the feedback tristate turns ON, holding X at the correct level. 

1. With circuit diagram, explain the logic ‘1’ and ‘0’ transfer using 

pass transistor logic. 

Answer 

 



 



 



 

 



 



 



 

2. Explain the structure of dynamic CMOS logic circuits. Explain the 

cascading problem associated with dynamic CMOS logic. 

Answer: A dynamic CMOS circuit technique allows us to significantly reduce the number of 

transistors used to implement any logic function. The circuit operation is based on first precharging the 

output node capacitance and subsequently, evaluating the output level according to the applied inputs. 

Both of these operations are scheduled by a single clock signal, which drives one nMOS and one 

pMOS transistor in each dynamic stage. A dynamic CMOS logic gate which implements the function 

 is shown in Fig1 below. 

 
 
Figure 1. Dynamic CMOS logic gate implementing a complex Boolean function. 

 

When the clock signal is low (precharge phase), the pMOS precharge transistor Mp is conducting, 

while the complementary nMOS transistor Me is off. The parasitic output capacitance of the circuit is 

charged up through the conducting pMOS transistor to a logic-high level of Vout = VDD. The input 

voltages are also applied during this phase, but 

they have no influence yet upon the output level since Me is turned off. When the clock signal 

becomes high (evaluate phase), the precharge transistor Mp turns off and Me turns on. The output 

node voltage may now remain at the logic- high level or drop to a logic low, depending on the input 

voltage levels. If the input signals create a conducting path between the output node and the ground, 

the output capacitance will discharge toward VOL = 0 V. The final discharged output level depends on 

the time span of the evaluation phase. Otherwise, Vout remains at VDD. 

 

For practical multi-stage applications, however, the dynamic CMOS gate presents a significant 

problem. To examine this fundamental limitation, consider the two-stage 

cascaded structure shown in Fig.2 below. Here, the output of the first dynamic CMOS stage drives 

one of the inputs of the second dynamic CMOS stage, which is assumed to be a two input NAND gate 

for simplicity. 



 
Figure 2. Illustration of the cascading problem in dynamic CMOS logic. 

 
During the precharge phase, both output voltages Vout1 and Vout2 are pulled up by the respective 

pMOS precharge devices. Also, the external inputs are applied during this 

phase. The input variables of the first stage are assumed to be such that the output Vout1 will drop to 

logic "0" during the evaluation phase. On the other hand, the external input of the second-stage 

NAND2 gate is assumed to be a logic " 1," as shown in Fig. 2. When the evaluation phase begins, 

both output voltages Vout1 and Vout2  are logic-high. The output of the first stage (Voutl) eventually 

drops to its correct logic level after a certain time delay. However, since the evaluation in the second 

stage is done concurrently, starting with the high value of Vout1 at the beginning of the evaluation 

phase, the output voltage Vout2  at the end of the evaluation phase will be erroneously low. Although 

the first stage output subsequently assumes its correct output value once the stored charge is drained, 

the correction of the second-stage output is not possible. 

 

 

3. Explain the depletion-load and enhancement mode dynamic shift 

register circuits. 

Answer: 

 



The operation of the shift register circuit is as follows. During the active phase of ɸ1 the input 

voltage level V is transferred into the input capacitance Cin1. Thus, the valid output voltage 

level of the first stage is determined as the inverse of the current input during this cycle. When 

ɸ2 becomes active during the next phase, the output voltage level of the first stage is transferred 

into the second stage input capacitance Cin 2, and the valid output voltage level of the second 

stage is determined. During the active ɸ2 phase, the first-stage input capacitance continues to 

retain its previous level via charge storage. When ɸ1 becomes active again, the original data bit 

written into the register during the previous cycle is transferred into the third stage, and the first 

stage can now accept the next data bit. 

 

 
When ɸ1 is active, the input voltage level Vi. is transferred into the first-stage input capacitance 

CinI through the pass transistor. In this phase, the enhancement-type nMOS load transistor of 

the first-stage inverter is not active yet. During the next phase (active ɸ2), the load transistor is 

turned on. Since the input logic level is still being preserved in Cin1, the output of the first 

inverter stage attains its valid logic level. At the same time, the input pass transistor of the 

second stage is also turned on, which allows this newly determined output level to be transferred 

into the input capacitance Cin 2 of the second stage. When clock Al becomes active again, the 

valid output level across Cin2 is determined, and transferred into Cin3 . Also, a new input level 

can be accepted (pipelined) into Cin1, during this phase. In this circuit, the valid low-output 

voltage level VOL of each stage is strictly determined by the driver-to-load ratio, since the output 

pass transistor (input pass transistor of next stage) turns on in phase with the load transistor. 

Therefore, this circuit arrangement is also called ratioed dynamic logic.  

 

Next, consider the second dynamic enhancement-load shift register implementation where, in 

each stage, the input pass transistor and the load transistor are driven by the same clock phase. 



 
When ɸ1 is active, the input voltage level Vin is transferred into the first-stage input capacitance Cin1, 

through the pass transistor. Note that at the same time, the enhancement type nMOS load transistor of 

the first-stage inverter is active. Therefore, the output of the first inverter stage attains its valid logic 

level. During the next phase (active ɸ2), the input pass transistor of the next stage is turned on, and the 

logic level is transferred onto the next stage. Here, we have to consider two cases, as follows. If the output 

level across Cout,1 is logic-high at the end of the active ɸ1 phase, this voltage level is transferred to Cout2 

via charge sharing over the pass transistor during the active ɸ2 phase. Note that the logic-high level at the 

output node is subject to threshold voltage drop, i.e., it is one threshold voltage lower than the power 

supply voltage. To correctly transfer a logic-high level after charge sharing, the ratio of the capacitors 

(Cout,/Cin) must be made large enough during circuit design. If, on the other hand, the output level of the 

first stage is logic-low at the end of the active ɸl phase, then the output capacitor Cout1 will be completely 

drained to a voltage of VOL = 0 V when ɸ1 turns off. This can be achieved because a logic-high 

level is being stored in the input capacitance Cin1 in this case, which forces the driver transistor 

to  remain in conduction. Obviously, the logic-low level of VOL = 0 V is also transferred into the 

next stage via the pass transistor during the active ɸ2 phase. When clock ɸ1, becomes active 

again, the valid output level across Cout 2 is determined and transferred into Cin3. Also, a new 

input level can be accepted into Cin1, during this phase. Since the valid logic-low level of VOL = 0 

V can be achieved regardless of the driver-to-load ratio, this circuit arrangement is called 

ratioless dynamic logic. 
  

4. If          and threshold voltage of all the nmos devices in the circuit 

is   , then Find 

1. V1, V2, V3 and Vout for the following circuit 

 
2. Vmax1, Vmax2 andVmax3 for the circuit shown below. 

 
  Solution: 

1. We know, 



 
Therefore, V1=V2=V3=Vout= 5V-1V=4V 

 

2. We know,  

 
Therefore, Vmax1=5-1=4V, Vmax2=5-1-1=3V, Vmax3=5-1-1-1=2V 

 

5. Explain the charge storage and charge leakage concepts associated 

with the pass transistor diffusion terminal driving the gate of another 

transistor. 

 



 



 



 
 



6. Explain the operation of 3-T DRAM cell. 

 

Answer: 

 

 



 
Figure 1: Three-transistor DRAM cell with the pull-up and read/write circuitry. 

 

 



 



 



 



 
 

7. Explain the operation of 1-T DRAM cell. 

 

Answer: 

 



 
Figure 1:Typical one-transistor (1-T) DRAM cell with its access lines. 

 

 

 



 



 

 

 


