
References 

I LANCASTER, M.J., POWELL, J., and PORCH, A,: 'Thin-film ferroelectric 
microwave devices', Suppercund. Sc;. Techno/.. 1998, 11, pp. 1323-1334 
PETROV P.K , and ALFORD, N.MCK.: 'Tunable dielecmc resonator with 
fenodechic elemcnt', Elecrmn. Lett., 2001, 37, pp. 1066-1067 
POPLAVKO, Y.. PROKOPENCK, Y.V, MOLCHANOV VI., and DOCAN, A,: 
'Frequency-tunable microwave dielectric resonator', IEEE Trans. 
Microw Theon, Tech., 2001.49, pp. 102CL1024 

4 VENDiK. O.G., CAFLSSON, E.F., PETROY. P.K., CHAKALOV R.A., 
GEVORGIAN. s.s, and IVANOV, s.s. :  'HTS/ferroelectric CPW struchlres 
for voltage tuneable phase shiften'. Proc. 27th EuMC, Jerusalem, Israel, 
1991, Vol. 1, pp. 196-202 

5 ~ C O N , A . I . ,  STREIFFER, s.K., BASCERI. c., and SUMM~RFELT.S.R.: 'High- 
permittivity perovskite thin films for dynamic random-access memories', 
Mater Res. Bull., 1996, 21, pp. 46-52 
PETROY. P.K., CARLSSON, E.F., LARSSON. P., FRIESEL. M., and IVANOY. Z.G.: 
'Improved SrTiOi multilayers for microwave application: growh and 
properties', J. Appl. Phys., 1998, 84, pp. 3134-3140 

7 HOWSON, D.P., and sANI, H.M.: 'UHF double dielectric resonator tiller with 
lincarined tuning range', Electron. Lerr., 1995, 31, pp. 1652-1653 

8 VIWEE, B.S : 'EfTective technique for electronically hlning a dielectric 
resonator', Electron. Lerr., 1997,33, pp. 301-302 

9 CAN. I., and xu, D.: 'Technique for optically tuning diclecuic resonator', 
Elecrron. Len, 1998, 34, pp. 236-236 

10 KRUPKA. J.: 'Magnetic hlning of cylindrical Ho,a-mode dielectric 
resonators', IEEE Trons. Micmw Themy Teeh., 1989, MTT-31, 

I I ALFORD, N.MCN., and PENN. SI.: 'Sintered alumina with low dielectric 
loss', J Appl. Phys., 1996,80, pp. 5895-5898 

12 PEhW. S.1, ALFORD,N.MCN, TEMPLETON, A,, WANCX., XU, M., REECE, M., 
and SCHRAPEL, K.: 'Effect of porosity and grain size on the microwave 
dielectnc properties of sintered alumina', JAmer Cernm. Soc., 1997,80 

13 TEMPLETON, A,, WANG, X., P E W ,  S.J., WF.88. S.J., COHEN, L.F., and 
ALFORD, N.MCN.: 'Microwave dielecmc loss of titanium oxide', J Amer 
Ceram. Soc., 2000,83, pp. 95-100 

2 

3 

6 

pp. 743-747 

exp. unit shin mux 

B 

Fast floating-point normalisation unit 
realised using NOR planes 

Kyung-Nam Han, Sang-Wook Han and Euisik Yoon 

A new floating-point (FP) normalisation "nil scheme is presented that 
achieves enhanced pcifomance by merging a leading zero ~ountef 
(LLC) and a normalisation shifter. The LZC and the shifl decoder arc 
combined by using NOR planes to generate CO~UOI signals directly 
to the normalisation rhifier. The chip has been fabricated with a 
five-metal 0.18 pm CMOS process and perfoms the 64 bit FP 
normali~ation within 1.4 n ~ .  

Inrrodsction: When floating-point (FP) addition or subtraction 
OCCUTS, a normalisation process is inevitably required to get the 
IEEE 754 standard number. The procedure of normalisation is: (i) 
to count the leading zeros from the addition/subtraction result; 
and (ii) to shifl the result according to the counted number. Therefore, 
a special counter block known as a leading-zero counter (LZC) and a 
left shifter called a normalisation shifter are required. The main 
purpose of the LZC block is to give the shift amount value to the 
normalisation shiiicr. Howcver, the LZC black is usually as slow as a 
signiticand adder because it evenhially has a carry-propagating 
operation. To improve the performance, the LZC has been implemen- 
ted in logarithmic structures using binary or trinary trees [I-31. 

In this Letter, a new method of FP normalisation is presented. The 
conventional approach that uses the LZC result is significantly modificd 
in the proposed structure. An OR-AND plane, which can be imple. 
mented with NOR planes, finds the shift amount value. It  generates a 
leading one's position value (LOPV) instead of the shift amount value 
The LOPV can be generated faster than the conventional shift amounl 
value and the LOPV can also be directly decoded to control the shifl 
mux by an additional NOR plane. The proposed normalisation scheme 
is fabricated using a 0.18 Nm CMOS technology. Thc measured resull 
shows a delay time of 1.4"s under the condition of 1.8 V supply 
voltage. 
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where M is a leading one's position and uz = 0 for Mt 1 5 a, 5 n - 1. 
The number LOPVofA is the number that all a, become zero except for 
the leading one bit, aM; therefore, given by L O P V = ~ M ~ ~ .  The shift 
control signals are generatcd from the LOPY not from the conventional 
shifl amount value which is n - M - 1 .  From the LOPV, the shifl 
control signals are produced through simple OR operations. Let us now 
define some basic bit-operators for the simple description of equations: 

"-1 n ai e a, X aI X . , . X an_! = "0 A 01 A . .  . A an-, (3) ,=n 

Here, (2) represents the existence of the '1' inside the region of 
O z i j n -  1. Let us now check the leading one at the upper half 
region. An operation, U:Z:,> a,, indicates that if the result is '1'. then 
the leading one value is in the upper half region, and that if not, then in 
the lower half region. Let B ,  be the result of the half region check, so 
that 
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In (4), the bar notation means the inversion operation. Next, the 
leading anc check region is further subdivided into four regions in order 
10 n a m w  down the possible leading one region in the next half 
sejpments. Let B1 bc the result of the quarter region check, so that 

dig.", 

Fig. 2 Circuit diugrom of proposed nomtolisrrtion scheme 

With a bit by bit AND opcration from B ,  and B,  results, B ,  AB*, only 
the quarter region that includes the leading one becomes '1' and other 
regions are set to zero. Now, thc region of the leading one check is more 
fractionised, so that B, is subdivided into eight segments and B4 into 16 
segments until no more subdivision is possible. This is the logarithmic 
subdivision and log2 n leading onc check is required to get the LOPV 
forthe n-bit input operand. The LOPVacquired can he expressed in (6): 

( 6 )  

where c, =n&" bk,,. Equations ( 5 )  and (6) show that the LOPV can he 
generated with OR and AND operations. Fig. 2 shows the circuit 
diagram of the NOR planes for a 64-hit merged shifter. The three NOR 
planes consist of an OR-AND plane far the LZC part and an additional 
OR plane for the shifi decoder. As shown in Fig. 2, each NOR plane has 
pseudo-NMOS NOR gates. The largest fan-in used in the first NOR 
plane is a 32-bit NOR gate and the second NOR plane consists of 6-hit 
NOR gates. Therefore, thc critical path of the first two NOR planes will 
include a 32-bit NOR gate, an inverter and a 6-hit NOR gate. The 
normalisation shifter used in this design has a two-stage shifter 
implemented with 16-bit and 4-bit moxes. Two decoded signals are 
generated by the third NOR plane, one for the 16-hit mux (from 4-bit 
NOR gates), and the other for the 4-hit m u  (from 16-hit NOR gates). 

n- l  

!=o 
LOPV = c,2' = B ,  A B, A . . . AB,,,, = a,ZM 

r -=..--u - 
..-~ 7 *+&&L7.--...-.--z'_...... i.I-.----?--%. 

Fig. 3 Micniphphorogroph (gfabricared chip 

858 ELECTR( 

input 

1.5 

c - 
1.4 nS 

0.5 

output 

time, ns 

Fig. 4 Measured delay lime offohvicared chip 

Meusurement restill: Fig. 3 shows the microscope pichlre of the 
fabricated chip and Fig. 4 shows the measured result o f the  fabricated 
merged shifter. The waveform of the worst case vector in Fig. 4 has 
the glitch-like form hecausc the latency of the shift ~ U X C S  is shorter 
than that ofthe NOR planes. The total delay time ofthe merged shifter 
includes the operatian time of the LZC part and the shiftcr. The test 
result shows 1.4 ns delay time for the 64-bir operand at 1.8 V power 
supply voltage. The power consumption ofttie test chip is 48 mW and 
the core area is 550 x 20 pm. The chip is fabricated "Sing a five-metal 
0.18 pm CMOS process. 

Conclusions: A new method of floating-point normalisation has been 
proposed and demonstrated. The proposed normalisation scheme has 
a unit consisting of the LZC merged with the normalisation shifter in 
NOR planes. The normalisation StNChlIe generates the leading one's 
position value instead of a conventional shift amount valuc. This 
merged NOR-plane scheme produces shift control signals much faster 
than conventional LZCs with a separate shift decoder A 64-hit 
normalisation operation has been executed within 1.4 ns in the 
fabricated normalisation unit using a 0.18 pm CMOS process at 
1.8 V supply voltage. 
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Low sensitivity second-order bandpass 
digital filter structure 

G. Jovanovic-Dolecek and S.K. Mitra 

A new lox+ sensitivity second-order bandpass digital filter smcture is 
presented. The proposed SVUCNUTO has the smailest absolute angle 
sensitivity and a modcrate radius scnsit~viry for the pole angle 0 in the 
range 0 . 3 8 ~  5 101 5 0.4471 and 0.5671 5 101 5 0 . 6 2 ~  and for the radius I 
in the range 0.5 5 I< i 
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