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A 7 ns/350 mW 16Kb Hi.B|CMOS Staric RAM
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An experimental EcIr 16Kb stat ic RAI'{ is developed with a tvpical addressaccess time of 7ns, typical power dissipation of Bbomw and g. st*t 
"t 

ip-rir".These perf ormance levels are achieved by using: 1. Bt ro Hi_BiCMOS (HiShperformance BicMos) technologyl) and optimizing the common data line signalswing: in order to reduce the related delay time.

1. Introduct ion
RecentIy, intensive efforts have been made to

achieve high speed, high dens ity stat ic RAJ\lls,

which ate key components in high performance
systems. By developing new circuits and scaling:
down device structures, it has been possible to
realize MOS stat ic Mlvls that. attain such
performances. However, most higtr speed

applications have been Ieft to bipolar static
Mltds. As a result, attention has turned to BicMos
stat ic RAllls, s ince they f eature both the hi8:h
speed characteristics of bipolar transistors and

the low power advantage of CMOS FETs. 64Kb static
RAIt{sz)s) with a typ ical address access t ime of
less than 15ns have been fabricated us ing 2pm

Hi-BiCMOS (High performance BiCMOS) technology.
This increase in speed has been achieved by

using: high-sensitivity, hig:h-speed bipolar sense
amplifiers, and high-speed bipolar-CMOS
combinat ion Eiates ( BiCMOS gates ) in peripheral
circuits. To increase speed further, however, it
is essent ia1 to invest ig:ate the acceptable minimum

read signal swing on the common data line to
reduce the related delay time. By utilizing its
measured va1ue, an ECL l6Kb test chip was designed
and fabricated usinSl 1.3frm Hi-BiCMOS technology. 1)

The resultant hish speed characteristics of this
static RAI{ are described beIow.

B-7-3

2. Device and B1CMOS g:ate characteristics
A cross-section of the 1. gfm Hi_BiCMOS device

is illustrated in Fig. 1. Bipolar transistors and

CMOS FETs are fabricated in an epitaxial Iayer
.with buried layers, without deg.rading: the
characteristics of either device as performed in
bipolar and CMOS LlSIs, respect ive1y. The

structure involves double level polysilicon and

double level aluminum metallization. Major device
characteristics are risted along with those of a

2pr,rn device in Table 1 for comparison. Cutoff
frequency f, of the bipolar transistor is improved
to 6GHz, 1.5 times that of ttre 2pm device, and the
Foru* values of the MOS FETs are also improved by
about L,7 t imes.

The performance of the BiCMOS gates, along
with that of the ClvlOS gates desiS:ned to occupy the
same g:ate &r€8, is shown in Fi8:. Z, The
propaS:ation delay time at lpF load capacitance
with the BiCMOS gate is reduced from O. gns for the
2Ltm devicea) to O. bns for the 1. g&* device. This
propag:at ion. de lay t ime improvement rat io, the
square root of fTxpo^u* improvement ratio, ie in
good agreement with the analytically predicted
value. 6) As f or the CMOS 8:ate, the same

propag:at ion delay t ime improvement rat io is
obtained, because this ratio is equal to the Boru*
improvement rat io. Thus, the 1. Bfun Hi_BiCMOS
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Table 1

Cross-section of the 1.3rt,m H1-BiCMOS device.
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Device Characteristics
Value

Unitlpm
rlevica

1.3 pm
device

Bipotar

Emitter 2X3 1X2 pmz

hre 100 86
BVcro 8.6 8.0 V

Rcs 100 180 .rt
f1 I 6 GHz

NMOS
VrH 0.55 0.58 V

For"t 50 80 ps/v

PMOS
Vrn -0.5 s -0.52 V

For"t r5 27 ps/v

Ei'ates permit to operate two t imes f aster than the

1. Srrm CMOS gates, the same as the oase of Z(tm

Hi-BiCMOS technology.

3. Static RAM circuit design

An ECIJ 16Kb static RAIvI test chip was designed

and f abricated us ing: the 1. 3pm H1-BiCTVIOS devices

described above. A schemat ic diagram of the

memory cell and peripheral circuits of the data

Iine and common data line is shown in Fig. 3.

The input buffer circuits) consists of a

bipolar ECLr reciever and the BiCMOS glates. The

bipolar ECL reciever detects the ECLr IeveI small

input sig:naI. The BiCl{OS gi'ates are also used in
the word driver, decoder and control circuits to

drive large capacitive loads. The memory cell is

a cross-coupled four-NMOS fI ipflop with two

hig:h-resistance polysilicon Ioads and a polycide

Vss-I ineo) measuring 1o4g,m2.

The signal swing on the cotnmon data line,
which has a slow transition time due to parasitic

capacitances, is a parameter of vital imllortance

in achievinS: f ast access t ime as the integ:rat ion
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Fig. 2 Experimental propag:at ion delay t ime of
CMOS and BiCMOS 2 input NAND s:ates.

level increases. The response of the common data

I ine d if f erent ial voltagle Au*(t) is expressed as
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where R1, Rz, Rs are the resistances of the data

line load NMOS FET (Qnr, , Q; i, Y switch NMOS FET

(Qny , ffi ), and common data line load NMOS FET

(Qnc, %), respectively. I is the memory cell
read current and % and CoD are the parasitic
cagacitances of the data line and conmon data
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Schematic diag:ram of memory cell and

peripheral circuits of the data line
and conmon data line.

Iine, respectively. AYa represents the common

data I ine s ig:nal swingt Speed of the response is
determined mainly by the anSular frequency orn and

by the decay constant (,.

Figure 4 shows the propagation delay time
dependence on the common data l ine s ig:nal swing:

AYcn. The dashed l ine represents analyt ical Iy
calculated results usingl the equations described
above, the sol id l ine shows sirnulated results.
The propagation delay time from the word line to
the conmon data line is redueed almost linearly
with a decrease in the common data line signal
swing: AVco, Therefore, bipolar differential sense

amplif iers, which are able to detect a smalL AVo,,

were adopted to obtain higher speed. As shown in
Fig. 4, the delay time from the conmon data line
to data output is almost independent of the Ay-*
value. Thus, faster access time can be realized
by decreasing: the conmon data line signal swing.

The data line voltagle is affected by the NMOS
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Fig. 4 Propa8:at ion de 1ay t ime dependence on

the common data line sig:nal swingl, Ayco.
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Dif f erent ial read voltagle variat ions
on the common data I ine.

data line load threshold voltage (Vr) in this
cirouit. As a result, a detrimental differential
volta8:e may develop on the pair of data I ines D

and D as well as on the conmon data lines CD and

m. This differential voltaS:e is due to the V,
mismatch occurring in the data I ine Ioad
transistors. rt is this problem that determines
the acceptable minimum common data line signal
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swingl. The measurement s of d if f erent ial read

voltag:e variations on the common data 1ine are

shown in Fig. 5. In this csser the avera8ie read

s ig:nal is about ZOmV whi le the actual read s ig:nal

ranges between 1O and 3OmV. Since the bipolar
sense amplifier (Fig:. 3) can detect a SmV

d if f erent ial s ignal, this 2OnV averag:e read s ignal

swing: appears to be the acceptable minimum common

data I ine s ielnal swinel. By ut i 1 iz ingi' this value

of ZOnV for the common data line signal swing' the

16Kb test chip was desig:ned.

4. Performances

A microBhotograph of the 16Kb test chip,

me.asuring 2. 3x3. 7mm2, is shown in FiS. 6.

Waveforms for the chip having a typical address

access time of less than 7ns are shown in Fig. 7.

Power dissipation at nominal operating conditions
(-5. 2V, 25"C') is 35OmW. Table 2 summarizes the

features of the 16Kb test chip.

5. Conclus ion

A high performance 16Kb ECL static RAlvl has

been realized using 1.3&m Hi-BiCMOS technology and

opt imiz ing the conmon data I ine s ig:nal swinSl

des ign. Typical address access t ime of the RA[{ is
?ns with a power dissipation of 35Oml{.
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