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Abstract : A modif ied f our t ransist or ( 4 T) self2body2bias st ruct ured S RAM/ SOI memory cell is p rop osed. The

st ructure is designed and its p arameters are obtained by perf ormance simulation and analysis wit h TSU PR EM4 and

M ED ICI . The st ructure saves area and its p rocess is simplif ied by using t he body resist or wit h buried p + channel

beneat h t he nMOS gate instead of t he p MOS of 6 T CMOS SRAM . Furt hermore , t his st ructure can op erate saf ely

wit h a 0 . 5V supply voltage , which may be p revalent in t he near f uture . Finally , comp ared t o conventional 6 T

CMOS SRAM , t his st ructure’s t ransient resp onses are normal and its p ower dissip ation is 10 times smalle r .
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1 　Introduction

A S RA M cell’s p e rf or ma nce ca n be e nha nced

wit h SO I tech nology because comp a re d t o conve n2
t ional CMOS tec h nology ,SO I has low p owe r dissi2
p ation ,low noise , high resist a nce t o ra dia tion , a nd

no la tch2up eff ect [ 1 ] .

I n a n at te mp t t o re duce p ower dissip a tion a nd

layout a rea , muc h resea rc h has bee n done t o

cha nge classic 6 T S RA M cells i nt o 4 T cells . Some

such work is based on ci rcuit level modif ica tions ,

but t he resulti ng sta bilit y is always p oor [ 2 ] . Ot he r

work is based on device modif ications , but such

p rocesses a re t oo comp licate d [ 3 ] . I n t his p ap e r , a

4 T S RA M cell base d on self2body2biased (SBB) [ 4 ]

a nd dyna mic t h reshold MOS ( D TMOS ) [ 5 ] st ruc2
t ures [ 6 ] is modif ie d . W hile t he si mula tion a nd a nal2
ysis of 6 T S RA M a re ca r ried out wit h Ca de nce

t ool kits , ot he rs a re ca r ried out wit h M ED I CI a nd

TSU PR EM4.

2 　Basic structure and mechanism

Figure 1 ( a ) s hows t he p la n view of t he SBB

SO I MOS F E T wit h a H2s hap ed gate elect rode [ 6 ] ;

Figure 1 ( b) s hows t he cross2section view modi2
f ied i n t he p la ne ma r ke d AA′in Fig. 1 ( a ) . The

body resist or wit h buried p + c ha n nel be neat h t he

gate f rom te r mi nal B ody1 t o te rmi nal B ody2 ge n2
e rally f unctions as a p MOS. W he n a high voltage

is app lied t o t he gate , t he p2 a rea is quic kly dep le2
ted , t he reby grea tly e nha nci ng t he resist a nce a nd

s hut ti ng dow n t he cur re nt betwee n B ody1 a nd

B ody2 ,as show n i n Fig. 2 .

Fig. 1 　Plan (a) and cross2section (b) views of H2gate

SBB MOSF ET

The w hole S RA M cell ci rcuit is s how n i n

Fig1 3 . Tra nsist ors M3 a nd M4 a re D TMOS. Thei r

on2sta te t h res hold voltage is low a nd of f2state

t h res hold voltage is high . Because we use a 0 . 5V

supp ly voltage , t he app lication of D TMOS is saf e
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Fig. 2 　Operation of t he body resist or

a nd ef f ective .

Fig. 3 　Prop osed 4 T SRAM cell circuit

3 　Stabil ity analysis

I n t he p rop osed H2gate nMOS , t he re might be

a disast rous cur re nt f low f rom subst ra te t o source

eve n t hough t he supp ly voltage is only 0 . 5V . To

ma ke sure t his will not be a p roble m , we si mulate

t he c ha racte ristics of t he p n junction under a n ap2
p lie d f orwa rd voltage of 0 . 5V usi ng M ED I CI . The

results a re show n i n Ta ble 1 . If t he cur re nt f low2
i ng betwee n B ody2 a nd B ody1 excee ds seve ral

nA , t he eff ects of t he cur re nt f lowi ng betwee n

B ody2 a nd t he source ca n be ignored .

Table 1 　p n junction cur rents at various temperatures
T/ K I/ (A ·μm - 1 )

300 9. 46 ×10 - 11

310 2. 46 ×10 - 10

330 1. 35 ×10 - 9

350 6. 31 ×10 - 9

4 　Design of the body resistor

Figure 4 shows t he dep e nde nce of t he cur re nt
t h rough t he resist or on Vg f or va rious p2 a rea B

conce nt rations . L b is t he le ngt h of t he p2 a rea ,

w hich is assumed t o be f ixe d at 0 . 30μm . We con2
clude t hat if ot he r p a ra mete rs a re f ixe d , t he p2 a r2
ea i mp urity conce nt ra tion ca n be chose n t o ma ke

t he resist or p e rf orm as a p MOS.

Fig. 4 　I body22body1 versus Vg f or diff erent imp urity con2
cent rations in t he p2 area

The si mulation results of t he p2 a rea le ngt h’s

i nf lue nce on t he p e rf orma nce of t he resist or a re

give n in Fig. 5 . Wit h t he va riation of L b , t he of f

state cur re nt cha nges much f aste r t ha n t he on

state cur re nt .

The t hic kness of t he p2 a rea is a t hi rd f act or

f or f urt he r imp rove me nt . L ocal oxidation is ap2
p lie d t o t he p2 a rea by wet oxidation f or a bout

20 mi n , a nd t he n t he SiO2 is re moved leavi ng

s hap es a round t he f ormer p2 a rea as in Fig. 6 . Fig2
ure 7 s hows I body22body1 versus Vg curves f or 4 dif f e r2
e nt p2 a rea i mp urit y conce nt rations , assumi ng t ha t

t he equivale nt le ngt h of t he p2 a rea ( L b ) is

01 3μm . Figure 8 shows the Ibody22body1 versus Vg curves

f or various values of L b , assuming that the imp urity

concentration of the p2 area is 1017 cm - 3 . The uptrian2
gle symbol line ( L b = 0. 20μm) in Fig. 8 is the best sit2
uation with an on2state current close to 10μA and an

off2state current of several nA.

Af te r t he a bove steps , t he i mp urit y conce n2
t ra tion of t he p2 a rea is comp a ra ble t o t hat of p

a rea , as show n in Fig. 9 . Thus , ion i mp la ntation is

use d t o create a burie d cha nnel t o decrease resist2
a nce betwee n B ody1 a nd B ody2 a nd t o avoid

nMOS t hreshold va riation . Act ually , t he t h res hold

voltage of nMOS is normally betwee n 0 . 1 a nd

01 2V . Figure 10 is t he c ha n nel i mp urit y conce n2
t ra tion curve af te r ion i mpla nta tion . Figure 11

s hows t hat t he body resista nce is e nha nced by ion

i mpla nta tion .
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Fig. 5 　 I body22body1 versus Vg f or diff e rent p2 area

lengt hs

Fig. 6 　p2 shap e af te r local oxidation

Fig. 7 　I body22body1 versus Vg f or various p2 area imp urity

concent rations

Fig. 8 　 I body22body1 versus Vg f or various equivalent p2

area lengt hs

Fig. 9 　Imp urity concent ration of t he p2 area is com2
p arable t o t hat of p area

Fig. 10 　Buried p + channel imp urity dist ribution af te r

ion implantation

Fig. 11 　Current dependence on gate voltage wit h and

wit hout ion implantation

5 　Global analysis of SRAM memory
cell

　　The S RA M cell is si mulate d according t o t he

sche matic i n Fig. 3 . The t ra nsf e r cha racte ristics

describe d i n Fig. 12 s how t hat t he 4 T S RA M cell

f unctions normally. To comp a re w riting state situ2
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ations wit h a nor mal 6 T S RA M cell , a sche matic

li ke Figure 13 is const ructe d usi ng a comp ose r

sche matic i n t he Ca de nce I CFB e nviron me nt .

Fig. 12 　Transf er curve of t he 4 T SRAM cell

Fig. 13 　Schematic of conventional 6 T SRAM cell

As show n i n Fig. 14 , t he w riti ng delay of t he

conve ntional 6 T S RA M is a bout 250ps . The t otal

cur re nt is i ntegrated i n 1 ns of si mulation time

wit h a result of 25f A ·s . Thus t he p ower dissip a2
t ion is 30μW at a 1 . 2V supp ly voltage .

Fig. 14 　Transient resp onse of 6 T SRAM

Si mila r si mulation results f or t he 4 T S RA M

a re show n i n Fig. 15 . The w riting delay is 500ps ,

a nd its p ower dissip ation is 3 . 3μW .

Fig. 15 　Transient volt age and cur rent of 4 T SRAM

A rea di ng state si mulation i n 6 T S RA M

s hows t ha t t he t ra nsf e r delay is 200ps , a nd t he

p owe r dissip ation is 11 . 9μW . I n cont rast , t he p ro2
p ose d 4 T S RA M cell’s t ra nsf e r delay is 500ps , a nd

its p ower dissip a tion is 1 . 7μW .

Thus ,w he neve r it is i n t he rea di ng or w riti ng

states , t he p rop osed 4 T S RA M cell has a p owe r

dissip a tion 10 ti mes s malle r t ha n a conve ntional

6 T S RA M cell , a t t he cost of only doubli ng t he

t ra nsf e r delay of t he 6 T cell .

6 　Layout of the SRAM cell

The layout of t he 4 T S RA M cell wit h t he H2
gate SBB st ruct ure is show n i n Fig. 16 . The p2 a rea

is not show n i n t he st ruct ure i n orde r t o re duce

t he complexit y. It is loca te d close t o GN D be neat h

a te rmi nal of t he H2s hap ed gate .

Fig. 16 　L ayout of t he p rop osed 4 T SRAM cell

7 　Conclusion

Sta bilit y a nalysis of a basic SBB st ruct ure is
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p rocessed t o e nsure t ha t t he p a rasitic p n junction

will not af f ect t he f unction of t he SBB st ruct ure

under a 0 . 5V supp ly voltage .

The p2 a rea of t he gate2cont rolled resist or is

t he bot tle neck of t he device p e rf or ma nce . Thus ,

a djust me nts a re ma de t o t he p2 a rea , i ncludi ng its

i mp urity conce nt ration ,le ngt h , a nd t hic kness . The

bot t om of t he nMOS cha nnel is also i mpla nted

wit h boron t o e nha nce t he resist or’s p e rf or m2
a nce . Fi nally , t he resist or has a 1000 on/ of f ratio

wit h t he s hif t of ga te voltage , a nd its on2sta te cur2
re nt is comp a ra ble t o t hat of nMOS.

Tra nsf e r sp eed a nd p owe r dissip ation a re a n2
alyze d by comp a ri ng t he designed 4 T S RA M cell

wit h a conve ntional 6 T cell . Alt hough t he t ra nsf e r

sp ee d of t he 4 T cell is slowe r , t he p ower dissip a2
t ion is greatly reduced.

Conside ri ng t he ext re mely low p ower dissip a2
t ion , t he s mall a rea of t he cell , a nd t he a dva ntages

of SO I , t his design will be p romisi ng w he n a 0 . 5V

supp ly voltage becomes p revale nt .
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一种低压低功耗 SRAM/ SOI单元设计

于 　洋 　赵 　骞 　邵志标

(西安交通大学电子科学与技术系 , 西安　710049)

摘要 : 提出一种改进 4 管自体偏压结构 S RAM/ SOI 单元. 基于 TSU PR EM4 和 M ED ICI 软件的模拟和结构性能的
分析 ,设计单元结构并选取结构参数. 该结构采用 nMOS 栅下的含 p + 埋沟的衬底体电阻代替传统 6 管 CMOS

SRAM 单元中的 p MOS 元件 ,具有面积小、工艺简单的优点. 该结构可以在 0 . 5V 的电源电压下正常工作 ,与 6 管
单元相比 ,该单元瞬态响应正常 ,功耗只有 6 管单元的 1/ 10 ,满足低压低功耗的要求.
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