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CHAPTER I 

E^TRODUCTION 

1.1 Synchronization in Digital Networks 

With the advent of digital networks and the transmission and reception of binary 

pulses (Is and Os), it became important to devise some method for detecting these signals 

accurately at the receiver. The ideal system is one in which the binary pulses arrive at the 

receiver in a very precise and concise manner. This means that the receiver knows the 

exact time when the signal (a binary 1 or 0) manifests itself at the receiver interface. 

Fortunately, it is relatively easy to determine this timing, because the receiver can derive 

the clock from the incoming bit stream by examining when the pulses arrive at the 

receiver. This function is called clock recovery. The rest ofthe data can be detected using 

this clock. However, errors can occur if the clock is not aligned with the signal or data. 

This leads to wrong information in the receiver about the timing of received data. This 

problem is usually called phase variation, and may translate into an incorrect 

interpretation ofthe binary Is and Os in the transmission stream. So it is vital for digital 

transmission that the data transmitted should be aligned to a pure clock, which has no 

phase variations. As shown in Figure 1.1, the signal and the clock are perfectly aligned to 

a clock with no phase variations. The positive edge ofthe clock is at the middle of each 1 

or 0. This clock is referred to as a reference clock. 
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Figure 1.1. Digital Data Aligned to a Clock Signal 

In older systems that operate at a relatively low bit rate, the clocking did not have 

to be very accurate because the signal on the line did not change very often. As the 

digital networks became faster and more bits were transmitted per second, the time the 

bits were on the channel decreased significantly. This means that if there was a slight 

inaccuracy in the timing ofthe receiver's sampling clock, it might not detect a bit or, 

more often, it might not detect several bits in succession. 

1.2 Effect of Timing Errors 

The effect of timing errors (that result in bit errors) on the application depends 

upon the type of traffic. For data, the result may be reduced throughput, since a protocol 

at the sending machine will likely be required to retransmit the data. If modems are being 

employed, a timing error can resuh in a modem carrier drop. Certain types of encrypted 

data will require resending ofthe encryption key. A fax transmission may result in 



missing line or lines, or a distorted page. Errors in traffic containing video images will 

result in picture freezes or picture dropouts. Whatever the effect upon the application it is 

desirable to reduce or eliminate timing problems or errors. 

1.3 Reasons for Phase Variations 

In a typical network, a digital device sends data to the transmitter for transmission 

to a remote receiver. The data coming from the digital device is accompanied by and 

phase aligned to a transmit clock. Although the transmit clock comes from the same 

source as the system reference clock it may have phase variations due to path delays as 

shown in Figure 1.2. This path delay creates phase jitter in the data and the data clock. 

The reference clock comes from a pure source, which is a source with very little phase 

jitter. So to minimize the timing errors in data transmission it is always desirable to send 

data to the network, aligned to the reference clock. But as explained before the data 

coming from the digital device and the reference clock are not synchronous and phase 

misaligned. 
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Figure 1.2. Path Delays for the Reference Clock 
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1.4 Synchronization with a FIFO 

One much simpler way of removing the timing errors in the transmitted data, that 

is, to synchronize the data with the reference clock, is to use a First In First Out (FIFO) 

buffer. While data is being written in the FIFO at the speed and phase as it arrives, it is 

read from the FIFO synchronized to the reference clock. This will align data with the 

reference clock, which comes from a very pure source with minimum phase variations. 

The objective ofthe thesis is to design and demonstrate how a FIFO can be used to 

eliminate the timing problems in a typical multiplexer which transmits serial data at a 

speed of lOGbps. 

1.5 Thesis Organization 

This thesis is organized in way to explain the logic developed to design a FIFO 

which will compensate for phase variations ofthe transmit clock. Many simulations 

along with schematics are presented throughout the thesis to explain the fimctionality of 

the part. Chapter II defines the problem and goal ofthe project. Chapter III to VII 

describes different components ofthe design. Chapter VIII gives the conclusion to the 

project and possible future work. 



CHAPTER II 

CLOCK SYNCHRONIZATION 

2.1 An Application ofthe FIFO 

In order to understand the design and concept ofthe FIFO a typical multiplexer 

structure is introduced. This multiplexer is used to transmit serial output through a 

network link from parallel inputs from a digital device. The multiplexer operates with a 

serial output rate of 10 Gigabits/s. The block diagram of such a device is shown in Figure 

2.1. The device has a 16:1 Multiplexer with integrated PLL (Phase Locked Loop). It has 

16 input channels for the parallel data with an interface for data input and an interface for 

serial output. 

The speed ofthe serial output is lOGb/s, which is synchronized with a lOGHz 

clock. Each channel ofthe parallel input has a clock speed of lOG/16 or 625 MHz. So the 

data clock has a clock frequency of 625 MHz or a clock cycle of l/(625e+6) or 1.6 ns. 

The built in PLL takes the reference clock as an input and generates the internal reference 

clock as well as the divide by 16 Clock for the 16:1 synchronous serial output. There is 

also a part for testability. Usually interfaces such as transceivers are tested with a Pseudo 

Random Bit Pattern (PRBS). This bit pattern is generated with internal hardware. This bii 

pattern, as the name indicates, is not purely random but accommodates all the possible 

combinations of an eight-bit pattern. The simulation for verification of the FIFO was 

done with a PRBS bit pattern. There are 16 FIFOs for 16 channels. These FIFOs perform 

the task of synchronizing the data with the reference clock, which is the goal of this 



project. There is however an extent to how much the data clock can be out of phase from 

the reference clock. In particular in this project, this tolerance is fixed at ±2.5 clock 

cycles. If the phase incoherence is beyond this value then the FIFO will generate an 

OVERFLOW signal, which is about four clock cycles long. This situation is termed a 

collision. Also at the same time the FIFO will reset itself. An external RESET signal is 

also available to reset the FIFO even without any occurrence of a collision. The main 

focus in this project is to design the FIFO and verify its functionality. The thesis 

describes how the FIFO synchronizes the incoming data with the reference clock with 

proper simulation results. 

2.2 Functionality ofthe FIFO 

The basic functions ofthe FIFO can be best explained by the block diagram 

shown in Figure 2.2. The circuit is comprised of two counters. One read counter and one 

write counter. Both counters count from 0 to 8 corresponding to the FIFO depth of 9. The 

counter signals are sent to a control circuit, which send out selection signals to the FIFO. 

The selection signals are designated wdth SWl to SW9 for write selection and SRI to 

SR9 for read selection and corresponds to the status ofthe counters. These selection 

signal's determine where data is written and from which flip flop (FF) the data is read 

out. The RESET signal resets the counter so that the write selector points at FFO 

(referring to flipflop 0) and the read selector points at FF4. So when data is written in FFO 

it is being read out from FF4. Now if there is a phase uncertainty between the two clocks 

then a situation may arise in which the two counters will be at the same clock cycle so 



that the read and write selectors will point at the same FF. This situation is termed as 

collision. 
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Figure 2.1. Block Diagram of a Multiplexer 
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Figure 2.2. BlockDiagramof the FIFO 

To understand the collision more clearly, the method by which this collision is 

simulated is described. Since the serial output for 16 channels is 10 Gigabit/s, the clock 

speed is 625 MHz for each channel. This gives a clock period of 1.6ns. If a reference 

clock of a different frequency is used, with a period of 1.5 ns for example, then one 

8 



counter will run faster than the other counter. If one counter starts at 0 and the other 

counter starts at 4 then a situation will be encountered when both counters collide. In 

other words, the faster counter value with the higher frequency clock at some point of 

time will reach the other counter and the counter values will be the same. This will make 

the write and read selection signals the same and they will make the FIFO write and read 

from the same FF. This situation is termed a collision and when this happens the FIFO 

will generate an internal signal called a Collision (COL), which will reset the counters 

and an external overflow signal for the protocol device to know that a collision has 

occurred. A simulation ofthe selection bits with a collision is shown in Figure 2.3. 

As VSWO gets near to VSR8 a collision (VCOL) is reported. Other-wise, in the 

next sequence VSWO would have reached VSRO, which must be avoided. After the 

collision, as shown by the signal VCOL, the counters reset and start so that VSR4 and 

VSWO are aligned. This implies that in the next cycle data will be written in the FFO and 

data will be read from FF4. 



r—\ 
VSRO| / \ / \__ / \ ; ^ 

VSR 11_ J •" / \ __ ^ '"^ ; ^ 

vsR2| Zl/\_1 n n_ 
vsR3[) n n n n 
-^y^'\p. f\....... r"'- "̂~̂  

vsRoj n TT J L 

v>w:i 

VSvV^^li 

^ f V C 4 

r n ,'—*. 

vsw7[y"\ ,' \ r .^ I ;_ 

VCOLJ f\ 

79.3 35.3 97 3 " " 9 7 3 1G3.3 1Q9.5 iTs s"" 12 -3 127.3 133.1 
NANO SECONDS 

Figure 2.3. Simulation Results Showing FIFO Collision and Counter Reset 

2.3 FIFO Depth Required to Satisfy Specification 

As can be seen from the above discussion a collision is simulated using clocks of 

two different frequencies. In actuality, this is not the case. Usually there is a phase 

difference between the clocks. For simulation purposes, clocks of different frequencies 

are used. An examinations ofthe clocks of different frequencies, as shown in Figure 2.4, 

shows that with the course of time the two clocks are apparently drifting in phase. This 

shows that a drift in phase can be simulated by two clocks with different frequencies. For 

the two clocks that are being used have a phase drift of 0.1 nanoseconds per cycle. In the 

specification the two clocks are allowed to have a phase difference of ±2.5 clock periods 
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i.e., ±2.5x 1.6ns or 4ns. In the design the write counter is reset to 0 and the read counter 

to 4 as seen in Table 2.1. 
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Figure 2.4. Two Clocks with Different Frequencies Drifting in Phase 

Table 2.1: Write and Read Counter Sequences 

Counter Name 

Write Counter 

Read Counter 

Counter Status 

0 

5 

1 

6 

2 

7 

3 

8 

4 

0 

5 

1 

6 

2 

7 

3 

8 

4 

It is obvious from the table that if the read counter has a higher speed than the 

write counter, in order for the read counter's 0 to reach the write counter 0 it has to 

overcome clock periods (1, 2, 3). That is, it has to advance in phase by 3x 1.6ns. It should 

be remembered that this is the point up to which the read counter is being allowed to 
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advance. After this point, the FIFO will generate a collision. On the other hand, if the 

write counter has a higher speed than the read counter, then its 0 would have to reach the 

0 ofthe read counter after advancing a phase of 4x1.6ns. In both cases, the specifications 

are satisfied. The specification requires that the difference ofthe counters should be at 

least 3 (since it cannot be 2.5 FF). So the FIFO depth has to be at least eight to satisfy thij 

particular specification. 

2.4 The Reason for FIFO Depth of Nine 

The collision signal generated is synchronous with the reference clock. But the 

write counter is driven by a clock, which differs in phase with that ofthe collision signal. 

This phase variation is not constant and varies with time. This creates an ambiguity that, 

when the read counter is reset to 4 the write counter may not reset to 0 and wait one more 

clock period to do reset. This means that the write counter resets to 0 when the read 

counter has advanced to 5. That still leaves a difference of 3 counter sequences (6,7,8) 

between the read and write counter O's. If there were one less FF or counter sequence the 

difference of counter sequence between the read and write counter O's would have been 2 

(6 and 7), which would not have complied with the specification. 
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CHAPTER III 

THE COUNTER 

3.1 Functional Description Of The Coimter Circuit 

The counter plays the most important part in the design ofthe FIFO. The purpose 

and specification ofthe counter was explained in Chapter II. The Counter module 

consists of two counters, a write counter and a read counter, which are triggered by the 

data clock and reference clock, respectively. The module also incorporates the collision 

detection circuit. The schematic ofthe counter module is shown in Figure 3.1. 
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Figure 3.2 Counter Symbol Diagram 

Figure 3.2 shows the counter symbol. The input signals are on the left and the 

output signals on the right. The top and bottom signals are for the power supply and 

ground. Referring to Figure 3.1 the top ofthe diagram shows the write counter. There are 

nine flipflops with all the Q outputs connected to the next flipflop's D input except for 

the leftmost and rightmost flipflops. The Q outputs of all the flipflops are designated WO, 

Wl, W2, W3 W4, W5, W6, W7 and W8. These signals correspond to selection signals 

that will be used for FIFO write operation. The state table ofthe counter is shown in 

Table 3.1 
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Table 3.1 State Table for the Write Counter 

STATE 
A 
B 
C 
D 
E 
F 
G 
H 
I 

Reset 

WO 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Wl 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

W2 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

W3 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

W4 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

W5 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

W6 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

W7 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

W8 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

The last state, termed 'Reset', can occur only if the active low reset pins ofthe 

flipflops are enabled with the signal COLB. So the counter with an active high COLB 

signal operates from state A to I. A counter such as this is called a ring counter. To 

construct such a counter it can be observed that at state I logic values of WO through W7 

are all low. And also in the next state, i.e., state A WO is high. So there must be a logic 

circuit that will create a high input (net056) to the first or leftmost flipflop when all WO 

to W7 signals are low. The leftmost flipflop is shown more clearly in Figure 3.3. The 

logic equation is given as Equation 3.1. 

net056 = net 0216 +netO\ll +«er0183 

net01>0A.net09S + net019.net039.netOSl + netOll + WW + netOSS 

= net0304 + net095 + net079 + net039 + netOSl + netOll + netWXB + net^SS 

3.1 
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From careful observation of Figure 3.1 it can be seen that all the signals ofthe 

above expression are from the inverted outputs ofthe flipflops. So they are actually 

inverses ofthe signals W7 to WO. This results in the expression as equation 3.2. 
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Figure 3.3 Schematic ofthe Feedback Circuit ofthe Write Counter 
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Figure 3.4 Leftmost Flipflop ofthe Write Counter 

The signal net056 is the feedback ofthe counter and is input to the leftmost 

flipflop, as shown in Figure 3.4. When all the input signals of Figure 3.3 are high the 

signal net056 is high which is shown in the simulation results in Figure 3.5. This is the 

same as all the signals from WO to W7 being low, which makes net056 high, as shown in 

Equation 3.2. This high signal (net056) will be carried to WO with the next positive edge 

ofthe clock and the circuit will move on to state A. The high in WO is again an input for 

Wl. So in the next positive edge ofthe clock Wl's logic value will be high. This is state 

B. But at this state WO will be low. Since at state A, WO's logic value changes from low 

to high, net056 will also change from high to low as evident from Equation 3.2. So the 

logic high actually ripples through the flipflops until it reaches the rightmost flipflop at 
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state I and the cycle repeats. 
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Figure 3.5. Simulation Results for the Counter Feedback Circuit 

The read counter as shown in the middle part of Figure 3.1 has the same 

functionality as the write counter only that it is triggered by the reference clock or the 

PCLK. 

3.2 Collision Detection Circuit 

As discussed in Chapter II, one ofthe most important functions ofthe FIFO is to 

detect a collision. A collision is detected when the write selection signal comes close to 

the read selection signal, which are generated by the two clocks. A reference is defined as 

the read selection signal, RO. The collision detection circuit is to prevent RO from 

coinciding with WO. So whenever RO coincides with Wl or W8 then it is apparent that in 
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the next sequence RO and WO will coincide. So the collision circuit generates a collision 

signal as soon as RO coincides with Wl or W8. 
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Figure 3.6. Collision Detection Circuit 

Figure 3.6 shows the collision detection circuit, which is part ofthe Counter 

module. Logic equations for the collision signal (COL) are as follows. 

COL = netOSe = net0211 + RESET + net0201 

= net02n +RESET +net020\ 

= ROB + WW + RESET + ROB + WSB 

= RO.W\ + RESET + ROW^ 

It is apparent from the above set of equations that a COL is generated whenever 

RO coincides with Wl or W8 or whenever there is an active RESET low signal. The 

counters can also be reset with an external RESET signal. Since in both instances of a 
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collision ofthe counters or an occurrence of an external RESET signal the counters are 

reset, the RESET signal is incorporated in the collision logic. The function ofthe flipflop 

is called pipelining. Since the logic gates create a delay for the COL signal the flipflop 

helps to align the collision signal to the reference clock and compensate for the delay. 

The inverse ofthe COL signal, COLB, is used to RESET the read and write counters 

through their RESET pins. An inverter of a larger size is used to generate the COLB 

signal since it has a high fanout. 

Figure 3.7 shows the simulation results when a collision occurs due to 

coincidence of RO and W8. This situation occurs when the read counter is faster than the 

write counter. This can be termed as forward collision. Figure 3.8 shows simulation 

results which shows that a collision signal (VCOL) is generated due to the coincidence of 

ROB and WIB, i.e., RO and Wl. This happens when the read counter lags behind the 

write counter. This can be termed as backward collision. Figure 3.9 shows the simulation 

results where a collision signal is generated when an external reset signal is applied. It 

should be noted that the RESET_ signal, which generates from external reset is two clock 

cycles long. The reason for this is explained later in the Reset Circuit description. 
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Figure 3.7. Simulation Results for Forward Collision Detection 
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It should be noted from all the simulation results of Figures 3.7, 3.8 and 3.9 that 

when a collision occurs, a low is generated in net0286 and this signal is inverted and 

shifted by the flipflop to generate the signal COL. This also make the COL signal 

synchronous to the reference clock. 

3.3 The Reset Circuit 

Figure 3.10 shows the Reset circuit. As discussed before an external reset signal 

can reset the FIFO. But this reset signal is synchronous to the data clock. Also an inverted 

RESET signal (RESET_J is used to trigger COL in the collision detection circuit. Now as 

this RESET_ signal is not synchronous to the PLL clock, there is a chance that the 

flipflop of Figure 3.6 might miss the collision detected by net0286 due to a lack of setup 
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time. To remove such a contingency, the RESET signal is extended to two clock cycles 

by the Reset Circuit. 
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Figure 3.11 shows the simulation results where a VRESET signal, which is 

synchronous to the data clock (VCLK), is at first shifted one clock cycle by the flipflop. 

Again the shifted RESET and the original RESET signal are ORed together to create the 

extended RESET_ signal. 

3.4 Counter Reset 

The Write and Read counters are reset to a point where they must be separated by 

at least 3 clock cycles. Three clock cycles correspond to three states ofthe state table in 

Table 3.1. The reset is carried out by the COLB signal. Each flip flop in the Write 

Counter has an active low reset pin, which is independent ofthe clock. With COLB going 

low, all the flipflop outputs go low, as shown in the simulation results of Figure 3.12. 

When the COLB signal is high again, the counter starts from state A in Table 3.1 with the 

next positive edge ofthe clock. The read counter, on the other hand, has COLB signals in 

the all the flipflop's reset pins, except for the fourth flipflop from the left. This flipflop 

has a preset pin, which enables a high COLB signal to preset its Q output to a high. As 

shown more clearly in Figure 3.13. This results in all the signals RO to R8 to go low 

except R3 in the event of a COLB high. R3 turns high and the state ofthe read counter 

becomes state D of Table 3.1. The simulation results for the read counter reset are shown 

in Figure 3.14. 
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Figure 3.13. Flipflop Four ofthe Read Counter 
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Figure 3.14. Simulation Results Showing Read Counter Reset 

It can be seen from the two simulations of Figures 3.12 and 3.14 that after two 

clock cycles ofthe COLB signal the write counter is at state A and the read counter is at 

state E of Table 3.1. So with this design, a counter separation of at least three states is 

ensured, which corresponds to three clock cycles and thus fulfills a requirement of the 

design. A better understanding ofthe two counters state separation can be understood 

from the simulation results shown in Figure 3.15. Here the VSWn and VSRn signals 

correspond to VWn and VRn signals ofthe counters. It can be seen that the signals VSR4 

and VSWO are aligned, as indicated by the vertical line. 
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Figure 3.15. Simulation Results Showing RESET ofthe Two Counters 

The reason behind resetting the write counter to all lows is due to the fact that the 

COLB signal is synchronous to the PLL clock (PCLK) and the Write Counter is triggered 

by the data clock (CLK). Since they are asynchronous, to avoid possible uncertainties, the 

write counter is set to start by it self after being reset by an asynchronous signal. But the 

read clock does not have this problem since it is triggered by PCLK. So it can be set to 

any state as required. It is set to state D to ensure that it can move to state E in the next 

positive edge ofthe clock and coincide with state A ofthe write counter. If for some 

uncertainty the write counter takes two clock cycles to start and at that time the read 
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counter has moved to the state F, a minimum of three state separations between the 

counters is still present, as can be visualized from Table 3.1. 
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CHAPTER IV 

OVERFLOW 

4.1 Purpose of Overflow 

When a collision ofthe two counters occurs the FIFO resets. The reset process 

moves the read selector and the write selector to a predefined position no matter where 

they were. This means that if a bit from the input data stream was being written in the 5th 

FF then after reset the next bit will be written in the 0th FF instead ofthe sixth. The same 

situation may occur in the data read operation. This will create a discontinuity in the data 

transmission as can visualized more clearly by careful inspection ofthe FIFO block 

diagram of Figure 2.2. This implies that with a collision a system error has occurred and 

for a certain amount of time data transmission will be disrupted. This error must be 

reported to the digital device or host, so that it can act accordingly. In the particular 

application this error signal has to be four clock cycles long for the host to identify it as 

an error. This error signal is called OVERFLOW. So the Overflow circuit's main 

function is to extend the collision signal to four clock cycles with a cycle corresponding 

to a period ofthe reference clock. The symbol diagram ofthe OVERFLOW circuit is 

shown in Figure 4.1. 
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Figure 4.2. Part A ofthe over flow circuit. 

4.2 Functional Description of Part A ofthe Overflow Circuit 

For proper understanding the circuit is divided into two parts. Figure 4.2 shows 

the part A ofthe overflow circuit. Here the leftmost flipflop has an input net9. In this part 

30 



ofthe circuit, a signal of one clock cycle at net9 is extended to four clock cycles. Each 

flipflop shifts the high signal at net9 by one clock period and thus generates signals A, B, 

C and D. So signals A, B, C and D will have a high at consecutive clock cycles. If these 

signals are ORed together with a four input OR gate, then the output ofthe OR gate will 

have a high extending to four clock cycles. This is shown in the bottom part of Figure 

4.2. A simulation result ofthe circuit is shown in Figure 4.3. 
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Figure 4.3. Simulation Resuhs Showing Generation of OVERFLOW with VCOL. 

It can be seen in Figure 4.3 that net9 corresponds to COL, the collision signal 

generated by the collision detection circuit. The output ofthe flipflops A, B, C and D are 

shifted signals of net9. OVERFLOW is high when any one ofthe A, B, C and D are high 

which indicates a logical OR operation. 
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Figure 4.4. Part B ofthe Overflow Circuit. 

4.3 Functional Description of Part B of The Overflow Circuit 

Figure 4.4 shows Part B ofthe Overflow Circuit. It should be noted from 

simulation results of Figure 4.3 that net9 has to have a width of one clock cycle only. If it 

is more than one clock cycle, two clock cycles for example, then A, B, C, and D signals 

will also be two clock cycles wide. This will make the OVERFLOW signal extend to five 

clock cycles, which is undesired. So a high in net9, which corresponds to COL, should 

not exceed one clock cycle irrespective ofthe width of COL. However, in discussions of 

Chapter III it was shown that the width of a COL high can be more than one clock cycle 

in case of an external reset signal. The circuit in PartB is used to eliminate this problem. 

The COL signal is passed through a flipflop triggered by the PLL (Reference) clock. This 

will shift the COL high signal to one clock cycle with respect to the COL signal at net50. 

Figure 4.4 shows net9 coming from a NOR operation of an inverted COL and net50. 

Therefore, the only time net9 will be high is between the two edges ofthe two signals 
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(COL and net50) as illustrated in the simulation results of Figure 4.5. Thus, net9 can 

only be one clock cycle long. 
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Figure 4.5. Simulation Results for Part B ofthe Overflow Circuit. 

The simulation results in Figure 4.6 show that a COL signal of more than one 

clock cycle has a shifted signal at net50. The signal at net 9 has a high between the rising 

edges ofthe two signals and an OVERFLOW signal of four clock cycles is generated. 
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CHAPTER V 

THE CONTROL 

5.1 Purpose ofthe Control Circuit 

The Control circuit mainly serves two purposes. First, it serves as a buffer or 

driver for the selection signals that go into all sixteen channel FIFO's. Each selection 

signal goes mto transmission gates ofthe FIFO's as selection signals. This is discussed 

more in Chapter VI. There are in fact sixteen FIFOs for sixteen input channels as was 

shown in Figure 2.1 in Chapter II. This creates a huge fanout for the selection signal's 

and higher loading ofthe corresponding transistors that generate them. So the selection 

signals, created by the read and write counters are buffered with higher drive strength in 

the control circuit. The second purpose served by the Control circuit is to compensate for 

the gate delays created by different stages in the counter circuit. This is achieved by the 

fact that if a clocked signal was delayed by logic gates then the signal can be aligned to 

the clock again by passing it through a clocked flipflop. The same principle was used to 

make the COL signal ofthe counter synchronous and thus aligned to the reference clock, 

as discussed in section 3.2. 
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Figure 5.1 shows the symbol diagram ofthe control module. The input signals are 

WO to W8, RO to R8 coming from the Counter and the two clock signals CLK and 

PCLK. The output signals are corresponding selection signals SWO to SW8 for Write 

selection and for read selection SRO to SR8. As mentioned before, these selection signals 

will drive transmission gates. Transmission gates require the inverse ofthe selection 

signal as well. The required inverted selection signals are also generated by the control 

circuit. They are SWOB to SW8B for the write operation and SROB to SR8B for the read 

operation. 

5.2 Generation of Write Selection Signals 

Figure 5.2 shows the schematic ofthe part ofthe control circuit that generates 

write selection signals. There are nine similar elements shown in the schematic each for 

one selection signal. One ofthe elements is shown more clearly in Figure 5.3. The signal 

WO is first buffered with an inverter to increase its drive strength. But this also creates a 

delay ofthe signal. The output ofthe flipflop is a shifted signal ofthe output ofthe 

inverter but this signal is much more aligned to the clock, as it would have been if there 

were no flipflop. This simply implies that the output signal's positive edge is much closer 

to the clock's positive edge. The two outputs ofthe flipflop are again passed through 

another set of inverters to increase the drive strength further. The simulation results in 

Figure 5.4 show that SWO is shifted one clock cycle more than the WO signal but its 

positive edge is much nearer to the previous clock positive edge than WO is. 
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Figure 5.2. Write Selection Signal Generator Circuit. 
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5.3 Read Selection Signal Generation 

Figure 5.5 shows the schematic diagram ofthe generation ofthe read selection 

signals. It also has nine similar parts as Figure 5.2. But these parts are different then the 

parts of Figure 5.2, as can be seen in the exploded view of one ofthe parts in Figure 5.6. 

The flipflops output does not have another set of inverters. The reason behind this is that 

the read selection signals have half the fanout ofthe write selection signals. So the extra 

drive strength generated by the inverters of Figure 5.3 is not required for the read 

selection signals. Figure 5.7 shows the simulation results ofthe circuit shown in Figure 

5.6. The same argument, as discussed in section 5.2 on signal alignment, apply to this 

circuit. 
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CHAPTER VI 

THE FIFO 

6.1 FIFO Function 

Figure 6.1 shows the symbol diagram ofthe FIFO. There is an input signal DIN, 

which is the data stream coming from a single channel of a digital device. DIN is nothing 

but a series of zeros and ones. These zeros and ones are written subsequently in a series 

of nine registers. The first bit in the first register, the second bit in the second register and 

so on. The write selection signals coming from Control circuit, control the writing 

operation, shown as inputs in Figure 6.1. The data in the registers are then read and sent 

out serially one by one, controlled by the read selection signals, which also come from 

the Control circuit. These selection signals are input signals ofthe FIFO module. The two 

output signals ofthe FIFO are DOUT and DOUTB. DOUT is the serial output 

corresponding to the input stream DIN but synchronous to PCLK and DOUTB is the 

inverse of DOUT. Figure 6.2 shows the schematic ofthe FIFO circuit. The FIFO 

operation and design can be best explained by dividing the FIFO structure into two 

sections, the Write section and the Read section. 

6.2 The Write Section 

The schematic ofthe FIFO is shown in Figure 6.2. The left side ofthe figure 

shows nine similar components, which perform the task of writing and storing data. A 

zoomed view of a part ofthe write section is shown in Figure 6.3. The module shown in 
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the figure, NE_MUX_2_1FF is a 2 to 1 multiplexer with a flipflop in series. The 

schematic ofthe module is shown in Figure 6.4. 
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Figure 6.1. Symbol Diagram ofthe FIFO 

The DIN signal is common to all nine modules. The two signals SW5 and SW5B 

are selection signals generated by the Control circuit. Now comparing Figures 6.3 and 

6.4, it can be seen, whenever SW5 is high and SW5B is low, the lower transmission gate 

is conducting. This creates a connection between DIN and net053. It should be noted at 

44 



this point that the SWn signals are synchronous to data clock and the data in the data 

stream also changes synchronously with the data clock. This implies that SWn signals 

and the bits in the data stream have the same clock cycle and phase. So, at the instant 

when SW5 is high and SW5B is low net053 has the same value (one or zero) that DIN 

has. With the next positive edge ofthe data clock (CLK) this data value is carried to the 

output ofthe flipflop. The SW5 remains high for only one clock cycle. When this signal 

returns to a low value the upper transmission gate is activated and thus completing the 

feedback path between the Q output ofthe flipflop and the D input ofthe flipflop, as can 

be understood viewing Figures 6.3 and 6.4. So, the data value captured during the 

previous cycle is retained until SW5 goes high again after 8 clock cycles. A careftil 

observation ofthe simulation results shown in Figure 6.5 shows that during the first SW5 

(High) the value of DIN was '0'. This value is captured and retained for the next 8 cycles 

as can be seen by observing the signal VXI30.D5, which is simply the output ofthe 

flipflop. Figure 6.5 shows, during the second SW5 (high), the value of DIN is ' 1 ' . 

Observing the signal D5 reveals that it also changed to a logic value ' 1' and this value is 

retained until the next SW5 (high). It should be noted that the fimction ofthe inverter in 

Figure 6.4 is to compensate for the signal drop in the transmission gates. The above 

discussion of one component ofthe write section describes how one bit of data is written 

and stored from the DIN data stream. Subsequent data is written in subsequent modules 

with each SWn signal and the process is repeated. 
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Figure 6.2. Schematic Diagram ofthe FIFO. 
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Figure 6.5. Simulation Results for the Write Section. 

6.3 The Read Section 

From the discussion ofthe previous section it was found that one bit of input data 

stream can be stored for 9 clock cycles in each component ofthe write section. It is the 

task ofthe read section, to read this stored bit and send it out. Reading from subsequent 

components ofthe write section at subsequent clock cycles ofthe reference clock creates 

a data stream, which is aligned with the reference clock. The right part of Figure 6.2 is 

the read section. The schematic diagram ofthe module in the read section is shown in 

Figure 6.6. There are nine transmission gates each enabled by the corresponding Sn and 

SnB signal generated by the Control circuit. The outputs ofthe transmission gates are 

wired together. A larger view ofthe circuit is shown in Figure 6.7. The pin IN5 is 
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connected to D5 ofthe Write section, which contains a stored data bit nine clock cycles 

long. 

Figure 6.6. Schematic Diagram ofthe Read Block. 
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Figure 6.7. A Zoomed View of Figure 6.6. 

The pins S5 and S5B are connected to SR5 and SR5B coming from the Control 

circuit. Whenever SR5 is high and SR5B is low, the transmission gate is conducting and 

the signal value of D5 is transmitted to netl76. It should be noted that at this instance no 

other transmission gate is conducting so all the wired connections of netl76 are open 

circuit except for the fifth transmission gate. So, at that very instance net 176 will have the 

same logic value as D5. This is shown in the simulation diagram Figure 6.8. It should be 
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observed tiiat net 176 has the same value of D5 when SR5 is high. The other instance 

values of netl76 are simply the read out from otiier Dn outputs ofthe write components. 

At tills point it easy to visualize the reading of die stored data from tiie write components 

witii each read selection bit and transforming them in a serial bit stream at net 176. The 

inverter after net 176 compensates for die signal drop in the transmission gates, acting as a 

driver. The output signal of this block is tiien passed dirough a flipflop creating two 

outputs DOUT and DOUTB as shown in Figure 6.2. The flipflop is triggered by die 

reference clock fiirther ensuring alignment ofthe data stream witii die reference clock. 
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Figure 6.8. Simulations Results for Read Section. 
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6.4 The Data Stream 

Referring to previous understanding of die control signals it can be noted tiiat die 

same write and read selection signal does not occur simultaneously, i.e., die SW5 and 

SR5 does not go high at the same instant. So when a bit is written from die input stream, 

die same bit is send out to die output stream later. This leads to a delay of a fixed number 

of cycles between a data stream coming in the FIFO and going out. This can be 

visualized by carefiilly follovdng the DINO and DOUTO signals shown in die simulation 

diagram Figure 6.9. 

vol NO 

voou Tcr 

I I 

.—^ 
I ! 

! I 

1 ) 

. _ j . — s . 

12-i.5 129,5 134..5 139 5 U^5 149 5 154 
NANO SECONDS 

159 

-n — r 
i 

,, .. I 

1 

i 
i 

n 
1 
! 

1 
1 

! 

i 

1 

i N 

1 
1 

fMt 

• • ' " 

IP ffSDB fli 

j , i 

1 

•31 3 159 5 174 5 

Figure 6.9. Simulation Results Showing Input and Output Data. 
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CHAPTER VII 

CLOCK BUFFER 

7.1 Purpose of a Clock Buffer 

In the design of VLSI circuits and digital systems, the term buffer refers to a 

circuit's ability to drive load capacitance significantiy larger than its own input 

capacitance. In integrated circuit design it often happens that a single gate has to drive a 

large fanout, which implies a large capacitance. Typical examples of large on-chip loads 

are internal busses, clock signals and control signals, which are similar to selection 

signals ofthe FIFO. The propagation delay of a signal through a CMOS inverter is 

directly proportional to the load capacitance. For instance, in the FIFO design, a large 

fanout exists for the two clock signals, data clock (CLK) and the PLL or reference clock 

(PCLK). These signals are generated in the same chip as the FIFO, as can be seen from 

the Figure 2.1 in Chapter II. To reduce the load capacitance on the gates that generate the 

two signals, it is desirable to create local buffers. 

7.2 Clock Buffer Design 

One typical way of designing a buffer is to cascade multiple inverters. Here it was 

done using two stage inverters. Figure 7.1 shows the schematic diagram ofthe two stage 

inverter buffer for the data clock and Figure 7.2 shows the schematic diagram ofthe two 

stage buffer for the reference clock. The first thing to determine is the ratio ofthe sizes of 

the P-type and N-type transistors. Since the mobilities ofthe two transistors are different. 
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die rise time and fall time ofthe output signals vary if both types of transistors have the 

same size. If the ratio ofthe transconductance ofthe two transistors Kn/Kp is s, then from 

die text 'Digital Integrated Circuits' by Rabaey it was found that the optimal ratio for the 

sizes ofthe P-MOS transistor and the N-MOS transistor. 

a = Vf .7.1 

The ratio Kn/Kp was found to be 150/40. So, 

a = Vl50/40= 1.9365 
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Figure 7.1. Clock Buffer for Data Clock. 
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Figure 7.2. Schematic Diagram ofthe Reference Clock Buffer. 

But this theoretical value did not satisfy the simulation results, which can be 

attributed to assumptions made to determine equation 7.1 and also to the modeling ofthe 

devices in TISpice. Trial and error simulation runs were carried out, during which a 

practical a value was determined for which the peak value ofthe switching currents for 

both P and N type transistors were equal. This implies that at this a value rise time and 

fall time ofthe output signals would be equal. The final value for a was found to be 2.45. 

The second step ofthe design involved measuring the capacitance loading on the 

two clock signals. This was done using simulation and the measured capacitances are as 

follows: 
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Capacitance loading for CLK = 2.04 pf. 

Capacitance loading of PCLK = 0.515 pf. 

It can be noticed diat die load capacitance of die data clock (CLK) is much higher 

than that ofthe reference clock. This can be understood by observing the schematic of die 

FIFO Figure 6.2. The write section has 9 flipflops, which are triggered by the data clock 

(CLK) and the on the other hand on the read side there is only one flipflop triggered by 

the reference clock (PCLK), which results in a lower fanout for the reference clock. 

In practice a typical clock with a clock cycle 1.6ns may have a rise/fall time 

200ps. The buffers should generate an output signal, which will also have a rise/fall time 

of 200ps. In order to achieve this, the drain currents ofthe transistors, with supply voltage 

3.3, should be as follows: 

Drain current for transistors for data clock buffer. 

Ids = CLxdV/dt = 2.04e'^^x(3.3/200p) = 0.03366A; 

Drain current for transistors for reference clock buffer. 

Ids = CLxdV/dt = 0.515e"'^x(3.3/200p) = 0.00849 A. 

Using trial and error simulations the proper size ofthe second stage ofthe 

transistors were found as shown in Figures 7.1 and 7.2. In the text of Rabaey, it is shown 

that the ratio ofthe sizes ofthe transistors for the second and first stage is approximately 

equal to 2.718. In this design this ratio was rounded to 3. Simulation results for the two 

buffers are shown in Figures 7.3 and 7.4. In Figure 7.5, the input and the output ofthe 

buffers are superimposed to have a clear understanding ofthe slope ofthe output 

following the slope ofthe input signals. 
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Figure 7.3. Simulation Results for Data Clock Buffer. 
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CHAPTER VIII 

CONCLUSIONS 

This thesis describes the basic functions and design of a FIFO. It also shows how 

the circuit was used to synchronize incoming data with the reference clock. The 

schematic design was done using CADANCE schematic composer software. The 

simulation results shown were done using TISpice software. The simulation results 

verities that the design meet all specifications. The data used for verification was PRBS 

(Pseudo Random Bit Stream) data as shown in Figure 8.1. PRBS data is a sequence of 8 

bit data that contains all the possible combinations of 8 bits except for all zeros. Figure 

8.1 shows the input of PRBS data (DINO) and output ofthe corresponding data 

(DOUTO), but synchronized with reference clock. Using PRBS data for verification gives 

some assurance that the circuit behavior is independent of data. 
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Figure 8.1. PRBS Data Stream. 
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One other thing to notice is die fact that whenever diere is an OVERFLOW signal 

diere will be a discontinuity of data and the system may have to retransmit. This 

discontinuity may be seen as a drawback of diis method of clock synchronization. After a 

few cycles the operation return to normal, as can be seen in Figure 8.2. 
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Figure 8.2. Input Output Data and Overflow signal. 

Power consumed in a circuit is always important. A simulation for measuring the 

power consumed in the circuit was also done. The result is shown in Figure 8.3, which 

shows the average power consumed in the total circuit to be approximately 93 mill watts. 

The sign used by the simulator for power consumed is negative. Most ofthe power 

consumed was in the different driver or buffer stages in the circuit. In the future low 

power design considerations may be taken into account. 
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Figure 8.3. Average Power Consumed. 

The counter is the most important part ofthe design. This is also the part ofthe 

circuit where improvements can be made. For instance, by using a different kind of 

counter. The design used a FIFO depth of nine, as discussed in Chapter II, due to the fact 

that the counter reset may produce some ambiguity. Some method maybe devised to 

remove this ambiguity and reduce the FIFO depth. 

The next step in the design will be to layout the circuit and see the parasitic 

effects of in the post-layout simulations. If die effects are severe enough to make the 

circuit behave improperiy, then changes must be made. While doing layout ofthe circuit 

diere are two critical padis diat should be taken into consideration. One path comprises of 

the clock signals. They have a very large fanout and the schematic design is done for 

optimal operation. The FIFO selection signals also have large fanout since they have to 

go to sixteen channels. 
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