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Abstract: The behavior of the 5-Phase Block-Encoded FramétiBaing (EFP5) circuit is analyzed. The circuit
performs the partitioning of the input clock sigmialo one out of fifty-two available partitions far given five-phase
frame. Each patrtition is being selectable by at@&dntrol word. The output signals of the circuiegent the blocks of the
selected partition in a phase encoded format whtdizes the given timing of the phases of the inframe. A phase
difference equal to the half period of the cloajnsil is used internally to achieve the correct @tising at the output.
The VHDL description of the EFP5 cell is given ahd simulation and synthesis results are presented.

Key words: blockglock, circuit design, frame, partitioning, phagé{DL.

1 Introduction The subject circuit represents a reliable soluttonthe
challenging problem of synchronizing the individual
o : oo modules of a multiphase model [5], whose operatidopts
testability (DFT) technlqu_es are_based on clockitpaming 5-phase timing pattern. The present work is basethe
and selective clock freezing [1] in order to brel& global principles of operation of the Two-Phase TwistechgRi
feedback loops and to generate clock waves to dest~ nter (2P-TRC) circuit [6] and is targeting dsteeaming

sequential circuit with self-loops. Clock partiting  pghjications, The unit phase duration that is uatdhe
increases the testability of the sequential circdiigorithms outputs is equal to the period of the input cloignal, while

can be run on the circuit with partitioned clocksidentify internally the half period of the clock is used ftve
combinationally and sequentially untestable faultsnodel generation of a set of phased signals. The VHDIcrifgtion

Wi”;]twf‘? time-frames rils utilri]zedhwhere a \I/ectog'@erated of the circuit is given. The simulation of the EFRSd the
in the first one and then the changed values efriel FFs synthesis results are presented.

are propagated to the QFI inputs of the next timesé
z?rfgzse a new fault is targeted; these values aeefr for 2 The EEPS5 Cdll

Automatic test-pattern generation (ATPG) and defign

Considering the Power Reduction aspect of FSM desigA' The basic cell operation

this can be achieved through clock gating and tisabhe The fundamental cell, which partitions the framéewigth
primary inputs to the sub-FSMs not active [2]. Gigmting 5 of the clock signal CLK of frequendy is called the 5-
is an effective approach to reduce power consumpdio Phase Block-Encoded Frame Partitioning (EFPS) ttircu
Finite State Machines (FSMs) which have plenty-elp For a set of five phases we have fifty-two partii@nd each
events [3]. A low-power asynchronous communicatio@ne can be selected by a 6-bit control word. Theerd of
controller is proposed by [4] for the interactiogtiween the each block of a partition, for the given frame loé tlock, is
sub-FSMs. These are controlling the gating of thebaj] encoded by using the mathematical Restricted Gr&trihg
clock. They utilize a circuit called Clock ContrallBlock notation, e.g. for the binary control word “1001666 we
(CCB) and the decomposed FSM consists of: (1) abeam have a three block partition with blockg#8phase-1, phase-
of sub-FSMs (partitions), (2) an equally large nemiof 4), Bi=(phase-2, phase-5) ang-#phase-3) where the first
asynchronous CCBs, (3) nand-gates for gating tlal lo block holds the phase-1 and phase-4 of the frameesécond
clocks, and (4) one inverter for the global clonal. The block holds the phase-2 and phase-5 of the frame,tlze
number of CCBs is equal to the number of partitions third block holds the phase-3 of the frame of tijgut clock
Instead of adapting techniques of gating the cloek, signal. The above partition is encoded by the Restt
consider in this paper a dedicated circuit that peoduce Growth String notation as the sequence {0,1,2,Qvhere
sets of periodic patterns of clock phases undecdmérol of the element 0 of this sequence signifies block e
an external binary word. In particular, we analythe element 1 block Band the element 2 block,Brhe above
behavior of a 5-Phase Block-Encoded Frame Paiitiipn example is shown in Table 1. Similarly holds éach of
(EFP5) circuit, which generates specific patterhlock the remaining partitions. All encoded partitions aprted in
pulses for each of the available fifty-two clock agk ascending order in order to define an index forheaoe
partitions for a time-frame of length 5, under toatrol of a from O to 51. This encoded format of a partitiopiesented
6-bit word. The blocks of the selected partitioa presented at the output of the EFP5 circuit.
at the five output signals in an encoded formaassigning
all elements of a block to a phase of the givetrimme.
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1 library IEEE;
2 use ieee.std logic unsigned.all;
2 use ieee.std logic_1164.all;
5 entity EFP5 is
6 port (CLK , RESET : in std logic;
7 CTL: & Iin std_logic_vector(S downto 0);
8 RSTFLAG : out std logic;
9 FPCLK : out std_logic__vector(4 downto 0) );
10 end EFP5;
11
12 architecture behavioral of EFP5 is
13 type RG string is array(0 to 4) of integer;
14 type validpartitions is array(0 to 51) of RG string;
15 type validcodewords is array(l to 20) of std_logic_vecf:orHO downto 1) ;
16 constant phased output : validcodewords :=
17 { (0™, O, MO oY gy Aigw, Wgw  mige e slgwy (VDR 10, 200, 108, A0, 108, 1D, 0, gL, N,
18 (*0', 0", 0", 0", 10", 0", "0, 0", 1", "1"), ('0','0','0",'0", 0", 0", 0", 1", "1, 1),
19 (10,10, 10", 10,10, T0, T, 1Y, 1Y, 1Y), ('O, 10", 0%, 0%, 00, T1r, t1r, T, T, ),
20 (107,100, 10, T0, T, T, L, L, T, L), (10T, 0T, 0, YL, I, L, L, L, T, ),
21 (107,10, T, L, T, L, T, T, L, L), (0T, VI, L, VL, L, L, L, T, T, ),
23 (P10, T, T, L, T, L, T, L, T, L), (LY, LY, LY, VLY, LY, LY, T, T, T, 0 ),
23 (*1v, 10, TLY, U1, tLY, Y1, t1Y, T1Y, 10, 10), ('1','1','1','1','1','1','1','0','0"','0"),
24 (*1','1','1', 1, '1Y, 1,0, 0", 0%, 0"), ('1',"1','1',"1','1','0",'0','0",'0",'0"),
25 (i, '+, '+, '1,'0','0','0','0', 0", 'o0"), ('1','1','1*,'o','0','0','0",'0','0",'0"),
26 (r1','1','0','0','0','0','0','0','0','0"), ('1l','0','0','0','0','0',"'0','0','0','0") );
27 constant partition : validpartitions :=
28 ¢ (0,0,0,0,0), (0,0,0,0,1), (0,0,0,1,0), (0,0,0,2,1), (0,0,0,1,2), (0,0,1,0,0),
29 ,0,1,0,1), (0,0,1,0,2), (0,0,1,1,0), (0,0,1,1,1), (0,0,1,1,2), (0,0,1,2,0),
30 ,0,1,2,1), (0,0,1,2,2), (0,0,1,2,3), (0,1,0,0,0), (0,1,0,0,1), (0,1,0,0,2),
31 «,1,0,1,0), (0,1,0,1,1), (0,1,0,1,2), (0,1,0,2,0), (0,1,0,2,1), (0,1,0,2,2),
32 ,1,0,2,3), (0,1,1,0,0), (0,1,1,0,1), (0,1,1,0,2), (0,1,1,1,0), (O0,1,1,1,1),
33 «,1,1,1,2), (0,1,1,2,0), (0,1,1,2,1), (O0,1,1,2,2), (O0,1,1,2,3), (0,1,2,0,0),
34 (0,1,2,0,1), (0,1,2,0,2), (0,1,2,0,3), (0,1,2,1,0), (O0,1,2,1,1), (0,1,2,1,2),
35 0,1,2,1,3), (0,1,2,2,0), (0,1,2,2,1), (0,1,2,2,2), (0,1,2,2,3), (0,1,2,3,0),
gg (0,1,2,3,1), (0,1,2,3,2), (0,1,2,3,3), (0,1,2,3,4) );
signal index : integer := 0;
38 signal present statel, present state2, next state, pclk: std logic vector (10 downto 1);
Zg signal invalidcode flag : std logic := '0';
begin
2% regl : process (CLK, RESET)
begin
43 if RESET = 'l' then present statel <= phased output(1);
ZVS‘ elsif (CLK='l' and CLK'event ) then present statel <= next state ;
end if;
46 end process;
21?7; reg? : process (CLK, RESET)
begin
49 if RESET = 'l' then present state2 <= phased output(11);
50 elsif (CLK='0' and CLK'event ) then present_state2 <= next state ;
51 end if;
52, end process;
gi next state logic : process (CLK, RESET)
begin
55 case CLK is
56 when 'l' => if RESET = 'l' then index <= 1; else index <= index + 1; end if;
ST when '0' => if RESET = 'l' then index <= 11; else index <= index + 1; end if;
58 when others => null;
59 end case;
60 if index < 20 then next state <= phased_output (index + 1);
61 else next state <= phased output(l); index <= 1; end if;
62 for i in 1 to 20 loop
63 if next state = phased output (i) then invalidcode flag <= '0'; exit;
64 else invalidcode flag <= '1'; end if;
65 end loop;
66 end process;
67 output logic : process (index, present statel, present state2)
68 variable ptn : RG_string;
69 variable pindex : integer;
70 begin
71 pindex := CONV INTEGER (CTL) ;
72, if pindex >= 0 and pindex <= 51 then ptn := partition(pindex);
73 else ptn := partition(0); end if;
74 case CLK is
75 when 'l' => pclk <= present statel;
76 if RESET = 'l' then RSTFLAG <= 'l'; else
77 RSTFLAG <= invalidcode flag; end if;
78 when '0' => pclk <= present state2;
79 if RESET = '1' then RSTFLAG <= 'l'; else
80 RSTFLAG <= invalidcode_ flag; end if;
81 when others => null;
82 end case;
83 for n in 0 to 4 loop
84 case ptn(n) is
85 when 0 => FPCLK(n) <= pclk(l) xor pclk(2);
86 when 1 => FPCLK(n) <= pclk(3) xor pclk(4);
87 when 2 => FPCLK(n) <= pclk(5) xor pclk(6);
88 when 3 => FPCLK(n) <= pclk(7) xor pclk(8):;
89 when 4 => FPCLK(n) <= pclk(9) xor pclk(10);
90 when others => FPCLK(n) <= '0';
91 end case;
92 end loop;
93 end process;
94

95 end behavioral;

Figure 1. The VHDL description of the EFP5 cell



We note that each phase of the input clock sigaala
duration equal to the period T of the clock witldlaty
cycle of 50 percent, thus having a pulse of logiofl
logic-0 value for a half period.

Table 1. The block-encoding of the partitioning operation
for the control word “100100”

Binary
index Control EnCC_)Qed Block index
Partition
Word
36 100100 {0,1,2,0,1} 0,1,2

B. The algorithm aspects of cell operation

The VHDL description of the EFP5 cell is given iiglre
1. The entity section has an input port CLK on alhthe
clock signal of frequencl/is applied, an input port RESET
on which a reset flag is applied, and an input @arL[5..0]
on which a 6-bit control word is applied. The autgignal
FPCLK][4..0] carry the phase information of the pimm of
the frame of signal CLK Each output signal cancatiase
information only under the control of input CTL aodly
for the valid fifty-two values, that is, during eame we have
the selected partition present in the block-encddedat at
the output lines of FPCLK. The above ports are shaw
Figure 2 on the block diagram of EFP5.

The architecture section is of type “behavioral”dan
utilizes a state machine model, where two interaglsters
are being used, regl and reg2, one for the prestafs
named “present_statel” clocked by the rising eafgthe

clock and the other for the present state namé

“present_state2” clocked by the falling edge of theck,
respectively. The next state logic block and thgpoulogic
block of the model are specified by the correspogdi
processes “next_state logic” and “output logic”. eTh
internal set of twenty valid codewords of the cirési stored

Proceedings of the 5th WSEAS Int. Conf. on Electronics, Hardware, Wireless and Optical Communications, Madrid, Spain, February 15-17, 2006 (pp74-77)

integer values that signify the blocks of the piami by

utilizing the Restricted Growth String notation.€Tpartition

information at each output line of FPCLK][4..0]dsrived

from the internal phased signals for each valu¢ghef6-bit

control word CTL by applying the EXOR operator dre t
signal lines ofpcli{10..1].

C. The valid codeword sequence

Internally, the eight overlapping phased signptsk;,
pclk, pclkg, ... , pclky have frequency equal tof/10
(period of eaclpclk, i=1,2,3,...,10 equals 1D, where T the
period of CLK) with signal pclk, leading pclk, , pclk
leading pclks , ... , pclk leading pclkyy by a T/2 time
difference. The logic-‘1" or logic-‘0’ pulse widthf each of
the above phased signals is equal teT/) Consecutive
changes of logic value at each sigpelk, for i=1,2,3,...,10
occur at the rising or falling edges of Cl# a distance of
10T/2.

When the clock signal CLK is applied to the cir¢ciite
following cyclic sequence of codewords is preserdtthe
internal phased signalspclky,pclky,pclks, , pclk=
0000000006>1000000006511000000085+1110000008>
1111000006»11111000065111111000651111111006>
1111111100»112111111165»11221111211011211111
00111111140001111114500001111115000001111%>
0000001114>0000000114>0000000014>0000000001,
which is considered as being the normal interndl ce
operation. Each codeword remains stable for thee sime
of the circuit, that is T/2, and the above sequescepeated
Bternally throughout the operation of the cell.uShthe
cycle time for thepclk pattern is defined by the twenty-tuple
of codewords of length equal to -I0 This duration forms
the period of each internal phased signal.

The additional 1004 codewords out of the total 1024

possible codewords that are not included in thevabo

in an indexed array of size 20*10=200 bits that isternal cyclic sequence should be considered dutire

represented by the constant named “phased_output.
index of the above array cycles through the integdues 1
to 20 specifying the valid codeword entry for trexinstate
signal. The valid fifty-two partitions of the 5-pd& input
frame are stored in the indexed array constanttitfpar” of
length 52 and each element of it is given by amyaof

design of the circuit for achieving reliable op@atof the
EFP5 cell. If the circuit reaches any of these 1004lid
codewords, then an invalid codeword flag is setis Tlag
maintains the proper initializing behavior until \alid
codeword appears internally in the cell.

U EFPS

EFPS ver2 VHD

TIK \ — CLK FPCLK[4.0] [ FPCLE[A.0] >
EFP5
> CTL[5..0]
I = RESET RSTFLAG [ )

CTL[5.0] > fiCEEENE N Rk e RSTFLAG
RESET

Figure 2. The EFP5 block diagram
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Figure 3. The EFP5 cell operation (VHDL simulation results)

description of the EFP5 cell is given. The correspog

simulation results verify the proper circuit opéatwhile
The VHDL testbench simulation results for the EF@8  the internal phased signaislk10..1] and the output signals

are given in Figure 3. The duration of this simolatis FPCLK][4..0] maintain the phase associations andbothek

defined by the value of the signal “done”. Thensigoclk encoded partitioning specification for the giveanfie of the

has a width of 10 bits, and CTL and FPCLK of 6 &nbits input clock signal CLK. The synthesis results aieeg

respectively. The output port FPCLK is analyzea ifive targeting an FPGA device.

individual output signals with waveforms that vgrithe
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available fifty-two phase partitions under the cohof a 6-
bit word and for a time-frame of length 5. The VHDL



