HIGH SPEED DOUBLE EDGE TRIGGERED D-FF (DETFF)
INTRODUCTION:


Double edge triggered (DET) flip-flops are bistable flip-flop circuits in which data is latched at either edge of the clock signal. Such flip flops permits the rate of data processing to be preserved, while using lower clock frequency (as compared to a circuit with single-edge triggered flip-flops). Therefore, power consumption in DETFF based circuits may be reduced. The basic advantage of suggested design is that it uses less number of transistors than the conventional static CMOS design. The described circuit structure is laid out in a 1.5 um process. Furthermore, the proposed design rates favorably when compared to existing static CMOS DETFF circuits.


In addition to size and speed trade-offs VLSI integrated circuit designers must give power strong consideration. For instance, wireless communications devices, hand-held and palm-top computers, and portable versions of microprocessors all require low power design. Research has demonstrated that a significant portion of the power dissipated in an integrated circuit is concentrated in the clock distribution network. Power dissipated in the clock distribution network may account for up to 40-45% of the total integrated system power. By using double-edge triggered flip-flops (DETFFs), the clock frequency can be significantly reduced—ideally, cut in half—while preserving the rate of data processing. Using lower clock frequency may translate into considerable power savings for the clocked portions of a circuit, including the clock distribution network and flip-flops.

Both double-edge triggered (DET) and single-edge triggered (SET) flip-flops are edge-sensitive devices, that is, data storage in these flip-flops occurs at specific edges of the clock signal. During each clock period, single edge triggered flip-flops are triggered by and store data at only one—either the rising or the falling—edge of the clock signal. Double-edge triggered flip-flops sample the input data at both the rising and the falling edges of the clock signal during each period of the clock signal. 

CIRCUIT DESIGN:

A classical double-edge triggered flip-flop in CMOS technology can be implemented  is shown in Figure 1. In this design, two opposite polarity level-sensitive latches are used.  specifically, D1 and D2 are a positive level sensitive and a negative level-sensitive latches, respectively, and, the block labeled M1 is a multiplexer described by the equation y=d0(s+d1s.When the clock signal Clock is high the latch D1 is transparent and M1 multiplexes to the global output Q the value stored in the latch D2. Similarly, when the clock signal Clock changes to low, the latch D2 becomes transparent, and the value stored in D1 is multiplexed to the global flip-flop output Q. Thus, the device shown in Figure 1 stores data at

either edge—rising or falling—of the clock signal CLK and is a DETFF.


The basic circuit structure shown in Figure 1 can be used to build different variations of double-edge triggered flip-flops based on the specific implementations of the latches D1 and D2 and of the multiplexer M1.The circuit structure proposed in this paper, however, departs from this double-latch/multiplexed-outputs paradigm. 
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The number of latches is reduced to one and data is stored into this latch at both the rising and the falling edge of the clock signal. Note that the single latch may be either positive or negative level sensitive, but not both at the same time. In order to store data into this latch at both edges of the clock signal, this latch is controlled by a different clock signal derived from the original system-wide clock signal and with a frequency double the frequency of the original clock signal. 

GENERATION OF CLOCK SIGNAL:


This generation is shown in the fig 2(a). The original system-wide clock signal CLK labeled X in Figure 2(a)—is inverted and delayed by a certain amount of time to produce the signal labeled Y. Performing the XOR operation on the signals X and Y yields the desired clock signal whose frequency is double the frequency of the original system-wide clock signal
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X. Observe that the duty cycle of the clock signal X * Y (X xor Y) is much less than 50% since this signal is low for a very short period of time. 

Therefore, the negative level sensitive latch shown in Figure 2(b) is transparent for a very short amount of time, making it appear as if it were an edge-sensitive flip-flop. 

CIRCUIT DESCRIPTION:

A complete circuit schematic of the proposed double edge-triggered flip-flop is shown in Figure 3. The clock driver is located on the top of Figure 3 and consists of four inverters. Note that excluding the transistors in the clock driver the proposed design consists of only ten MOS transistors. The basic operation of the flip-flop is as previously described where the negative polarity level-sensitive latch appears in the lower right corner of Figure 3 and consists of the transistors Q5 and Q6 and the inverters G5 and G6. The clock driver is essentially a delay line for the clock signal CLK=X, consisting of the inverters G1, G2, G3 and G4. If each inverter G1 through G4 is assumed to introduce a delay ti, then the signals Y=CLK’ and Z=CLK are delayed from the clock signal X by 3ti and 4ti, respectively. The clock driver is used to provide these delayed clock signals to the exclusive-or (XOR) gate consisting of the transistors Q1 through Q4 in Figure 3. 
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This XOR gate computes the result of the operation X*Y=CLK*CLK’. Had the signals X, Y and Z not been delayed at all, the output of the XOR gate would have been a constant logic ‘1’. Because of the 3ti delay between the signals X and Y, however, there is a short period of time after each clock signal transition where X=Y (Y has not changed yet). During this short period of time, the XOR gate outputs a logic ‘0’, thereby turning on Q5 and cutting off Q6. The latch at the right in Figure 3 will be temporarily transparent and the input D will have a direct path to the output Q. 

After a 3ti delay the clock signal change has propagated through the clock driver, the signals X and Y are complementary (X=Y’) and the output of the XOR gate is logic high (1) again. The transistor Q5 is cut off. The data signal D has now been stored into the latch Q6 is conducting, thereby sustaining the latch feedback loop. Due to the direction of current in the feedback loop, the output signal Q is taken above the NMOS device and not below it to ensure a better voltage level when the output is high. If taken below the NMOS device, the output Q

would suffer the threshold voltage drop for high outputs. 

CONDITIONS ON DELAY OF INVERTERS:


An important consideration in this design is the number of inverters in the clock driver. The 3ti delay between the clock signal X and the inverted clock signal Y must be sufficient to permit the XOR gate to fully evaluate, to turn on the PMOS device Q5, and to allow the input D to charge/discharge the input to the first inverter. The amount of time necessary for these events to complete will differ depending on the technology and transistor sizes used. With minimum transistor sizing and the AMI 0.5µm (3-metal single poly) process, it was determined that the following condition must be satisfied: 345 ps<3ti<575 ps. The physical layout of the flip- flop is shown in Figure 4.
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Fig. 4
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