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Abst rac t  

This paper presents a race-free BiCMOS dynamic divider circuit us- 

ing a non-restoring iterative architecture with carry look ahead. Using 

the BiCMOS dynamic circuit, an %bit+ 4-bit divider test circuit, de- 

signed based on a 2pm BiCMOS technology, shows a inore than 4.5 

times improvement in speed as compared to t,he CMOS divider circuit. 

The speed advantage of the BiCMOS dynaniic divider circuit is even 

greater in a 64-bit divider, which is helpful for CPU VLSI. 

Summary 

Division is an important fiinct,ion i n  a CPU arit.limetic unit [I]. VLSl 

implementation of divider circuits using CMOS technologies has been 

reported (21-(61. However, as the size is large, CMOS divider circuits 

may suffer from long delays. Receut.ly. RiChZOS technology is becom- 

ing a major tool for building microprocessors [7]-[lo]. BiCMOS buIFers 

have been used to provide a large driving capability to enhance speed 

performance. However, BiCMOS dynamic digital circuits are still diffi- 

cult todesign due to their serious race problem [ll]. Recently, race-frer 

BiCMOS dynamic circuits for a full aldrr and a niult,iplier using BiC- 

MOS dynamic carry look ahead circuik have h w i i  reporbed [12]-[14]. I n  

this paper, based on a non-restoring iterative architecture [Is] and BiC- 

MOS dynamic circuit techniques, a BiChlOS dynamic divider circuit is 

described. 

Figs. 1 show the basic BiCh4OS dynamic logic gat.es used i n  the 

divider circuit. As shown in Fig. 1, depending on the precliarge or 
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Fig. 1 P-type and n-type BiCMOS dynamic logic gates. 

(a) p-type NOR (b) n-type NOR (c) p-type NAND (d) n-type NAND 

(e) p-type XOR (f) n-type XOR (9) p-type NOT (h) n-type NOT. 

predischarge scheme, the BiCMOS dynainic logir gat.es are cliwsified 

n-type or p-type. For the p-type BiCMOS logic gates, initially, dur- 

ing the predischarge period, the clock signal is low (CK=O), and the 

output node is pulled down low by the lower bipolar device. During 

the predischarge period, the upper bipolar device is turned off by tlke 

NMOS device controlled by the signal (.?ti. A f t e r  t.he prediscllage pe- 

riod, it's the logic evaluation period. During ~ I I C  logic evaluation period. 

the lower bipolar device is turned off by the NMOS device controlled by 

the signal C K .  During the logic evaluat,ion period, the otltput may be 

Pulled high by the upper bipolar device depending on the states of the 

input signals. Contrary to p-type gates, n-type BiCMOS dynamic logic 

gates have a Complementary mechanism. During the precharge period, 

the output of them is pulled UP to close to 5V.  In the logic evaluation 

Period, the output may be pulled down depending on the stat,es of the 

inputs. 

Using the BiCMOS dynamic logic gates, an 8-bit+4bit divider cir- 

cuit b a e d  on a non-restoring iterative architecture [15] with carry-look- 

ahead as shown in Fig. 2 has been designed. As shown in Fig. 2(a), 

different from the standard non-restoring divider structure, two types 

of A cells - AI, A2 are needed. Both A1 aud A2 cells have an identical 

structure as shown in the upper portioii of Figs. 2(h)&(c). Ilowever, 

in the lower portion, the pr0pagat.e and generate signals are produced 

by different types of BiCMOS dynamic digiral circuits. Specifically, 

in the A I  cell, the propagate and generate signals ( P 3  P ,  G, G)  are 
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carry look ahead circuit, all pass transist.ors i n  (,lie standard hlanch- +--e 

Fig. 2 The 8-bite4-bit BiCMOS dynamic divider circuit using a non- 

restoring architecture with carry-look-ahead. (a) block diagram. (b) A1 

cell circuit. (e) A2 cell circuit. (d) S cell circuit. 

produced by the p-type BiCMOS dynaiiiic logic ga.tes. On the ot.lier 

hand, in the A2 cell, they are from the 11-type DiCMOS dynamic logic 

gatea. Different types of BiCMOS dynamic logic gates used here are for 

the carry look ahead circuit. Fig. 3 shows the BiCMOS dynamic carry 

look ahead circuit used in the divider circuit,. In  the BiCMOS dynaniic 

- 

. LA. 

ester CLA circuit [16] are replaced by the cascading BiChlOS dynauiic 

logic gates. Each BiCMOS dynamic logic gate's output - the carry sig- 

nal, is taken as input to another logic gat,e. In order to sliorten the 

precharge/predischarge time, BiCMOS precl,Rrge/predi.scllarge circi1it.s 

have been used in every cell. Using t.he 13iChIOS dynamic Manchester 

CLA circuit, the speed performance has been grea.tly improved owing to 

the large driving capability of the bipolar device. In addition. no race 

problems exist in the circuit, Furthermore, it ha3 a very nice espallsion 

capability as the carry look ahead chain is long for a large size divider. 

As in a pipelined system, cascading dyiianiic logic gat,es may have 

serious race problems [ll]. In the new RiCMOS dynamic divider cir- 

cuit, race problems have been avoided by placing the "complement,ary" 

BiCMOS dynamic cells as shown in Fig. 3 alternatively i n  the CLA cir- 

cuit, where an n-pn  set of logic gates have been placed. In the n-type 

BiCMOS dynamic logic gate, one trandion st,at.e is prohibited at the 

input. Specifically, in the n-type BiCMOS dynamic logic gate. inputs 

cannot have a transition state from 5 V  to Ob' since the output may be 

accidentally switched to an incorrect state. Similarly, in the p-type logic 

gate, inputs cannot have a transition state from OV to 5V. Overall, the 

n-type and p t y p e  logic gates are placed alternatively in the BiCMOS 

divider circuit such that the output of an(a) n(p)-type logic gate and is 

also the input to a(an) p(n)-type one. After the precliarge/predischarge 

period, in the BiCMOS dynamic divider circuit., each internal out,put 

node is set high and low alternat.ively. I n  the I3iCMOS divider circuit. 

the n-p-n-p arrangement rule has been observed in the CLA circuit. It's 

also honored in the A l ,  A2, and S cells. In addition, between the cells, 

in the vertical and lateral direction along the signal propagatioii path as 

shown in Fig. 2, it has been always observed. With this arrangement. 

race problems are successfully avoided i n  our circuit.. 

In designing the BiCMOS dynamic circuit. in order to honor the 

n-p-n-p arrangement rule to avoid race problems, a difficult situation 

has been encountered. The difficulty arises a.round the final p-t,ype 

EXCLUSIVEORgate to produce the qtrot.icnt bit i n  every row in  Fig. 2. 

As shown in Fig. l(a),  to realize the dynamic EXCLUSIVE-OR gat,e. 
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two pairs of complementary signals from t,he CLA cell and Llie S cell 

are necessary. Specifically, two complementary signals LA and LA are 

needed at the output of the CLA circuit simultaneoiisly. In order to 

abide by the n-p-n-p arrangement rule, the final stage of the CLA cells 

involved has to be n-type logic gates since t,he final EXCLUSIVE-OR 

gate is p-type. The inputs to the CLA cell are the propagate and gen- 

erate signals from both the A1 and A2 cell i n  the same row as shown in  

Fig. 2. However, to have two complementary signals from the oobptlts of 

the same type of dynamic gate a t  the same time, observing the n-p-n-p 

arrangement rule, is very difficult. To overcome the difficulty, two n-p- 

n dynamic logic circuits have been placed in CLA circuit as shown in 

Fig. 3. In addition, appropriate complementary propagate and generate 

signals, which are generated from the same type of logic gates in the A1 

and A2 cells have been used as inputs to their allowable inputs to the 

specific logic gates in the CLA. Furthermore, the A1 and A2 cells have 

been designed such that their associated propagate and generate signals 

connected to the same type of logic gate in the CLA cell are from their 

appropriate logic gates. Specifically, bot,li sets of signals - P&&k 

G138zG-13 and P& f i 4 ,  which are connected to the inputs to the first 

n-type logic gate in the CLA circuit. are from p-type logic gat.es in ad- 

jacent A1 and A2 cells. Glz, G-lz, PIS, f i2 ,  which are produced by the 

n-type logic gates in an A2 cell, are connect.ed to the input,s to the mid- 

dle p-type logic gate in the CLA circuit. P I ~ , P ; ~ , G I ~ , G - I I ,  which are 

produced by the p-type logic gates in the A1 cell, are used as inputs to 

the final n-type logic gate in the CLA circuit.. By t,his arrangement for 

Al ,  A2, and CLA cells. complement.ary signals LA and L A  have been 

successfully generated from the n-type logic gates simultancously for 

the p-type final EXCLUSIVE-OR gat.e without race problenis. Overall, 

following the n-p-n-p arrangement. rule for the BiCMOS dynamic logic 

gates in all signal propagate direction i n  t.he divider circuit, either verti- 

cally from top to bottom, or from left t,o right, race problems have been 

smoothly avoided in  the BiCMOS dynamic divider circuit. 

Fig. 4 (a) Layout of the BiCMOS dynamic A1 cell and the CMOS static 

A cell used in the divider circuit. The BiCMOS one occupies an area 

of 513pm x 381pm. The CMOS one has an area of 267pm x 3 3 6 p n .  

(b) Layout of the b b i t t 4 b i t  divider circuit,s based on a non-restoring 

architecture with carry-look-ahead using BiCMOS dynamic circuits and 

CMOS static circuits. The die area of the BiCMOS one is 374Gpm x 

2890pm. The CMOS static one has a die area of 1957pm x 1794pm. 

In order to evaluate the performance of the BiCMOS dynamic di- 

vider circuit, a test chip including two 8-bitt4-bit dividers using the 

BiCMOS dynamic and CMOS static circuits has been designed based 

on a 2 p m  BiCMOS technology. Fig. 4(a) shows the layout of t.he BiC- 

MOS dynamic A1 cell and the CMOS static A cell used in the divider 

circuit. The BiCMOS one occupies an area of 5131rin x 381pm. The 

CMOS one has an area of 267~771 x 336p721. Fig. 4(b) shows the layout 

of two8-bite 4 b i t  divider circuits using ('MOS st.atic and Bi(.:MOS dy- 

namic circuits. The aspect ratios of all NhIOS and PMOS devices used 

in both CLA circuits are 18pm/3pm and 3 2 p , / 3 p n ,  respectively. The 

BiCMOS dynamic divider circuit occupies ail area of3746pn x 289Opm. 

which is larger as compared to the CMOS static one, which has an area 

of 1957pm x 1794pm. Fig. 5 shows the transient waveforms of the que+ 

tient signals- 80, Ql, Qz Q3 and Q 4  in the 8-bitt4-bit CMOS static 

and BiCMOS dynamic divider circuits with an output of 0.lpf. As 
6, , , 

'0 m 10 B) so icm im 110 

Delay Tlmo (ns) 

Fig. 5 Transient waveform at the internal nodes of the 8-bitt4-bit di- 

vider using BiCMOS dynamic circuit and CMOS sta.tic circuits based 

on the non-restoring architecture with carry-look-ahead. 
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indicated in the figure, the propagation delay, Q4, associated with the 

longest critical path in the BiCMOS dynamic divider circuit is less than 

26ns, which io m r e  than 3.5 times the speed of the CMOS dynamic 

MCLA circuit (93nr). Fig. 6 shows the propagation delay in the longest 

critical path VB. quotient bit number of the CMOS static and BiCMOS 

dynamic divider circuits. In the CMOS static divider circuit, the propa- 

quotknt bit 

Fig. 6 The speed performance of CMOS static and BiCMOS dynamic 

dividers vs. quotient bit number. 

, 

gation delay is linearly proportional to the quotient bit nomber. Specif- 

ically, in a CMOS static divider circuit. the propaga.t.ion delay increases 

from 23ns at 1-bit to  over 161 11s at 9-bit.. On the other hand, i n  a BiC- 

MOS MCLA circuit, the propagation delay increases more slowly a3 

the quotient bit number increases. Specifically. in a BiCMOS dynamic 

divider circuit, the propagation delay increases from 6.611s a t  1-bit to 

3611% at 9-bit. Although the integration size increases nine times, the 

propagation delay increases only 5 times i n  t.he BiCMOS divider circuit. 

The slow increase in the propagation delay as the Ihit number increases 

for the BiCMOS dynamic one can be attributed to blie powerful driving 

capability of the two bipolar devices i n  each cell. I n  fact. for a large 

scale applications, the BiCMOS dynamic divider circuit shows an abso- 

lute advantage in speed performance. 

The dynamic BiCMOS techniques desciihctl i n  this paper are ap- 

plicable not just to  the divider circuibs. It. rail be used ill any large 

scale pipelined system implemented by t.he CMOS dynamic circuits t,o 

enhance the speed performance a t  a cost of t.wo extra bipolar transistors 

per stage- one bipolar transistor is for the precharge/prediscliarge and 

the other one is for the logic gate 
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