"A semiconductor integrated circuit" The present invention relates to a
gechnique which is effective when applied to senicoggéfbgnji tgg{ ted
&% cuits, for exanple, a logic sem - conductor integrated ci¥rc ose
i nput and out put 5 | evel s are TTL | evel.s and whose internal -|ogic
| evel s are CMOS |l evels. Figure 1 of the acconpanying drawings is a block /~
di agram of a known form of |ogic sem conductor integrated circuit |C having
TTL levels as its input 10 and output levels and CMOS | evels as its :
internal logic |evels. TheAis¢BHEAREHCEPEcARt@OC YR \QiakCin” | nput buffer
10 for level-converting input signals of TTL |levels [err into signals of
COS 15 levels, an intermf ?%@g%“BIbEKeTEIPBrréx@&ﬁ% 1%gi T petati ons
with the CMOXS | evel s,  and angput$y£ buffer_12.far, lLevel - converting the CMOS
level output sign¥PISF AHETTTernaf 1o5T c2BPEER LTS M SR putc sThnal s of
TTL levels [err]. The . spect i ve.ci Fcui On 11 a 2. fed with a
suppl y vol t age Vcéngf‘ Sh ‘fs&%ﬁ* ar & bggp%?r‘)ﬂ;’éér't haeg%é ‘hiasgrg ' Tevel input
vol tage [err] to he sipalded f0edPgr APyl rEQLE RS d aidudfaddeinput 25
buffer 10 is set at 2.0 volts or”“above, while a |ow | evél 2-

5 levels are TTL levels and whose internal logic

levels

are CMOS levels.

Figure 1 of the accompanying drawings is

a block diagram of a known form of logic semiconductor
integrated circuit IC having TTL levels as its input
10 and output levels and CMOS levels as its internal
logic levels.
| The integrated circuit IC includes an input
buffer 10 £or level-converting input signals of
TTL levels INl, INZ’ ..... ;Nn into signals of CMOS
15 levels, an internal logic block 11 for executing

logic operations with the CMOS levels, and an output

%

buffer 12 for level—cdnverting the CMOS level output (~
signals of the internal logic block 11 into output

signals of TTL levels OUT,, OUT,, .... OUT_. The

1’ 2’

20 respective circuits 10, 11 and 12 are fed with a
supply voltage VCC of 5 volts, and are properly
earthed.

) A high level input voltage ViHlo to be supplied

the input

[ 1Y

to the input terminals INl’ IN,, ... INn o

25 buffer 10 is set at 2.0 volts or above, while a low level



input voltage [err] is set at 0.8 volt or below. " Accord- iLlIOingly,

I nput threshold voltage [err]concerning the input termnals [err]of ta
i,nput .buffer 10 is set at 1.3 - 1.5 volt which is between 0.8 volt and 5
2.0 volts. On the other hand, a high |evel output voltage [err] to be
derL41d fromthe output of the I nput buffer 10 is set to be equal to the
hi gh=t-evel input voltage ViHI| of the internal logic block 11, while a | ow
| evel output 10 voltage VOL10 to be deriyed fromthe output of the input
buffer 10 is set to be equal to the low I'ével input vol- tage [err]of the
internal logic block 11. Accordingly, letting [err] and [err]denote the

t hr eshol d volta es of nnel. MOS FET anpnd_an chanpel MOS FET which
consti- 15 tuth Eijﬁﬁgaﬁﬂﬁa xﬂlo*?t§ﬁ$|$ﬁe n%lv?g%ier §eRW11, Accord-

respectively,. V _denote t a t he abovengolta es,
[err]are respe% ivdly i d% & (ﬁﬁ %iélT%i?Tgﬁo ithlo ©OPcEr 179 2he
y L oH
Q

(2) When [err]i %uq,_ett 1§m [erfb] at 0.6 v {]t 8?d N. at
4 %ﬁv fh; BECp¥RoiBkeD. B
F‘ phe 00

and [err] are TR St ove kﬂts 2and Jefr
1
y 2.5 volts

[err] Accordingl et ha '1nr>,ut chhg ety vl Bé%eé_fht B'

i nverter in the internal oglc b 11 i s set at approxinm

which is b@im@gm(%&iﬁgﬂt

On the other hand, a high level output voltage VOHIO

N to be derived from the output of.the input buffer 10 is

set to be equal to the high level 1nput volfag V. of

iH11
the internal logic block 11, while a low level output

10 voltage V to be derived from the output of the input

oLl0
buffer 10 is set to be equal to the low level input vol-
tage ViL11 of the internal logic block ll. Accordingly,
letting Vop and Vo denote jthe threshold voltages of a
P-channel MOS FET and an N-channel MOS FET which consti-
15 tute a CMOS inverter in the internal logic block 11,

réspectively, and Vv denote the supply voltage, the

A cC
above voltages voHlO’ lell' VoLlo and ViLll are respec-

tively set as follows:
_ Vom0 ~ Vimil ” Vec "VTP‘ . e (1)
20 Vor1o = Viri1 < Vou o -e-ee (2
When VCC is set at 5 volts,‘VTP‘at 0.6 volt and VTN
. at 0.6 volt, V oH10 23nd V .y, are set at above 4.4 volts,

and V oL10 and V, iLl1 at below 0.6 volt.

Accordingly, the input logic threshold voltage V. ithll
25 of the CMOS inverter in the internal logic block 11 is set

at approximately 2.5 volts which is between 0.6 volt



and 4.4 volts. Likew se, the high | evel output voltage [err] of the

i nternal |
out put buf
vol tge V-
vol t age Vi
I nput | ogi
appr oxi mat
order to g
has its hi
| ow | eve

an input b

ogic block 11 and the high level input voltage [err] of the

fer 12 are set at above 5 4.4 volts-, the | ow | evel output

of the internal logic block 11 and the |ow | evel i nput
L12 of the output buffer 12 are set at below 0.6 volt, and t
c threshold voltage Vithl2 of tRhRe-output buffer 12 is - set at
ely 2.5 volts which 10 is between 0.6 volt and 4.4 volts.
enerate the output signals of TTL |evels, the output buffer
gh level output voltage [err] set at 2.7 volts or above and

he :,.\'
./
In
12
its

out put voltage V at 0.5 volt or below oL12 15 Fig. 2
of the accommmyingodrasny ngs is a circuit di agr am showi na one known form(ﬁ

uffer 20 which is constructed of P-channel MOS FETs

[err] N-channel M¥xevlse | ethi¢ lmihghaleeslsbutpRt. votheggaﬂgﬁ,1sadfces and
drains of the 20 MOS FETs are respectively indicated by ﬁynbols g,
d. A first tHeadetEvinrl regierbtociwottdend the REER flevel immkf{err] and a

second stage CMOS inverter conposed of the FETs

i n cascade.

circuit 25
5

10

15

20

25

volhe georif tef Rheneutprt] buffast t2uedea s§it & HratBH_ i on

for pro ecting the gate insulating filns of the FETs
4.4 volts, the low level outnut voltage oL11 of the

internal logic block 11 and the low level input voltage

v of the output buffer 12 are set at below 0.6 volt,

iL12

and the input logic threshold voltage V.. of the

h12
output buffer 12 is set at approximately 2.5 volts which
is betwéen 0.6 volt and 4.4 volts.

In order to generate the output signazls of TTL
levels, the output buffer 12 has its high 1evel'output
voltage VoHiZ
output voltage V°L12 at 0.5 volt or below.

set at 2.7 vol®s or above and its low level

s and

p2 and Mnh2 are connected

Fig. 2 of the accompanylnc draw1ngs is a c1rcu1t diagram

showing one known form of an input buffer 20 which
is constructed of  P-channel

MOS FETs Hp1,-Mb2,.N-channel MOS FETs Mﬁ1, MnZ"Mn3 and

m

resistor Rp. The gates, sources and dresins of the
MOS FETs are respectively indicated by symsols g, s and d.
A first stage CMCS inverter composed of the FETs
and M

¥ and a second stage CMCS inverter composed .

p1 nt’

. 1 e ed 3 je. 'h
of the FETs Mp2 and Fnz re connectesd in cascaae' The
components Rp and Mn3 constitute s gate protection circuit

for protecting the gate insulating films of the FETs



‘4 - [err] An out put capacitance [err] connected to the drains of the FETs
Mp2 and Mh2 of the second stage CMOS inverter has, in practice, its value
deternmined by the drain capacitances of the FETs 5 [err] and [err] t he
Wiring stray capacitance between-the output of the input buffer 10 amg the
I nput of the internal logic block 11, and the input capacitance of the -

i nt ®#hal | ogi ¢ block 11. The rati os VVL bet Ween the channel widths 10 W and

channel lengths L of the FETs nd M3 are respectively set
at 27/3.5, 42/3, 12&B.3"74243 an{il’lgf?)p" 8]"?8§|1§F&r~R 5"§e‘t‘ St

resistance of 2 kiloghohe £hgind GF the BESQTRANYLNG G INUSS B

graph illustrating the dependencies o e prop@gatlonnhj | es [ err] of

the input buffer 10;0{g&i @Mog YREBribE AWLRUL AC ettlerécesi[fsr rdaﬂdl the
graph, the ordinate represents t he propagation del'ay tines while the

absci ssa represent sdétermih fat bgOtBapacht anegpbaklik ahtdd ldfstat ek Fig.
35 of the acconpanying draw ngs, the first propagation delay time tpHL is

defined as a peri oMof andeM ;chheSwreﬂugredrayne:eparuﬂaplde [ERWPE &S
changed with its 50@5 al ue 2% as the boundary, until an output OUTPUT
changing from a hi gthe emetpto af | thel tophtchaffes Wit lanid $he0%mmiltue as the
boundary. The second propagation delay tine t I's defined as a period of
ti me which pLH of the internal logic block 11, and ths input

capacitance of the internal logic block 11.

The ratios W/L between the channel widths

10 W and channel lengths L of the MOS FETs Mpl' Mp2’

Mnl' an and Mn3 are respectively s2t at 27/3.5,

42/3, 126/3.5, 42/3 and 15/3. The ;esistor RD is
set at a resistance of 2 kiloohms.
Fig. 3 of the accompanying drawings is a
15 graph illustrating thé& dependencies of the propogationﬁ

delay times t t of the input buffer 10 of

pLE’ T“pLH
~Fig. 2 upon the output capacitances'cs. In the
raph, the ordinate represents the propagation deiay
times while the.abscissa represents the output
20 capacitance Cs’
As illustrated in Fig. 35 of the accompanying
drawings, the first propagation delay time tpHL
is defined as a period of time which is reguired
. since An input INPUT has changed wiéh its 50% value
25 as the boundary, until an output OUTPUT changing
from a high level to a low level changes with its

50% value as the boundary. The second propagation

~delay time tpLH is defined as a period of time which



-5- is required since the input |INPUT has changed with its 50% val ue as the
boundary, until the output OUTPUT changing fromthe |ow |l evel to the-high

| evel changes with its 50% val ue as the boundary. In 5 Fig. 35, [err]
is defined as a fall tinme, and tr as a rise tine. Thus, as will be
undeR®t'ood fromFig. 3 of the acconpanying draw ngs, the out-put O
capaci t ance- dependency. [err] of the flrst'ﬁ#Dpagatlon delay tinme 10 tpHﬁ

of the input buffer 10 in Fig. 2 is about 0.8 nsec/pF, and the output
papacitance-dependéné QEHHQﬁeiﬁﬂc?ﬁtQ?mi%%%Bna BP8paaathﬁ ‘g&Payitine t
v e 1s T a ot ?&ﬁ‘{?ef%ﬁet St P e, SBeVPE TR Rueen the
channel wi dths an t F ap Lr the first
stage CMOS |nvertg°r are rra(?e gr e‘%t%r;/g"al erg%-‘? iszé]l. ng g ]ntlgLI éss'gfrll t he

out put capaci t ancendgRRRISNGES dLr9ds m&grgﬁoth&hsom dpryhesapotive

propagation delay tinmés [err] and [err] both the ratios e FETs M

and M of g$he seeqd Stsage CNMIS ddriaiderasrs ggiratihbBe Lamge vakue of
42/3 so as to increase the channel conductances of these FETs Ferr] and

[err] 25 a rieet hdmend of reducing both the output capacitance-
Thus, as will be understood from Fig. 3 of the

accompanying drawings, the output capacitance-dependency .-
' - o/

Rur, (= 8tom

10 tpHL of the input buffer 10 in Fig. 2 is about 0.8

nsec/pF, and the output capacitance-dependency K

/AC ) of the first propagation delay time

LB
(=AtpLH/ACS) of the second propagation delay time

tpLH is about 1.4 nsec/pF. Both are great.

In the input threshold voltage V, at

ithlo

15 approximately 1.3 - 1.5 volt, the ratios W/L between

the channel Qidths and channel lengths of the FETs

Mpl and M_, of the first stage CMOS inverter are

made greatly diffefent, and in order to lessen the

output capacitance-dependencies KHL and K of the

respective propagation delay times tpHL and tpLH’

and M of the

20
both the ratios W/L of the FETs Mp2 n2
second stage CMOS inverter are set at the large

value of 42/3 so as to increase the channel conductances

of these FETs Mp2 and an.

25 To the end of reducing both the output capacitance-

dependencies Kyp and K the ratios W/L of the

LR’
FETs Mpz'and an of the second stage CMOS inverter may

be increased more and more. This,'however, incurs



dependenci es KHL and KLH, the ratios WL of the FETs M and M of the
second stage CMOS inverter may p2 n2 be increased nore and nore. This,
however, incurs -6- conspi cuous increase in the occupation area of the

i nput buffer 10 on the surface of an integrated circuit chip for 299 '
fol I"owi ng reason, ‘to forman obstacle to enhancement in the densit4f of

I ntegration. I'n the production technology of integrated circuits 5 fining

i s bei.ng vigorously pronoted at present. Wth the present-day

phot ol i t hogr aphy based on exposure to uktkawi ol et radiati on, however, the
channel length L of a MOS FET is 3 pmas its lower Iimt value. In order to
set the ratio WL of the MOS FET at a very large 10 value, therefore, the
channel wi dt h Wans@igsfoymisingrease I time extrapatinar prear gé \thleue.
Eventual |y, the device area of the MOS FET increases conspicuously. Fig. 4
of the acconmparyilvy dWilieigsl 0 son the cerrfaragphnpBhénicrgranedo@igenituf f er
12 which we have 15 investigated and which is constructed of a P-channel
MOS FET Mp4 an@M® NUhdfifet MIPHNT (59330 hetQaf @EM 35uPPES2a5A@ dCai ns of

the MOS FETs are respectively indicated by sypbols .s and d. In the
integrated cir GRNE" e Yt é%?ﬁ%ﬁyd?gzb“EﬁﬁﬁgFéeér fromthe interna

Lﬁ?kﬁtblOCk 11 0s anh] 1L (O od e A PP Hnd IS5 fEIE VheeodRd el i 20548
5 fining is being vigorously promoted at present. With
s the present-day photolithography based on exposure to
ultraviolet radiation, however, the channel length L
of a MOS FET is 3 um as its lower limit value. In order
to set the ratio W/L of the MOS FET at a very large
‘10 value, therefore, the channel width W thereof must be
set at an extraordihary large value. Eventually, the
device area of the MOS FER increases conspicuously.
Fig. 4 of the accompanying drawings is a circuit
diagram showing one output buffer 12 which we have
15 investigated and which is constructed of a P-channel
MOS FET M

and an N-channel MOS FET Mn The gates,

p4 4-
sources and drains of the MOS FETs are respectively
indicated by symbols g, s and 4. .

In the integrated circuit IC, the ;utput signal of
20 CMOS level from the internal logic block 11 is applied

; to the gates of the FETs Mp4

buffer 12. Terminal No. 30 is fed with the supply

and M of the output

4

voltage V of 5 volts. 1In order to set the

ccC

input logic threshold voltage Vi of the output

thl2
25 buffer 12 at approximately 2.5 volts, accordingly,



buffer 12. Termnal No. 30 is fed with the supply voltage V of 5 volts.
In order to set the input logic threshold voltage Vithl2 of the output 25
buffer, 12 at approxinmately 2.5 volts, accordingly, the ratios WL of the
FETsZKbrr] and Mh4 are set at val ues equal. to each other. Figure 4 also
shows a TTL circuit 14, which is fed with the supply voltage V of 5 volft:
t hrough term nal No. 35. The out put signak7ef TTL | evel fromthe output
buffer 12 is derived fromtermnal No. 20, and is supplied to one emtter
of the multi-emtter transistor [err] of the TTL circuit 14 through
termnal No. 32. Meanwhile, a standard TTL circuit, a Schottky TTL 10

circuit, a lLow power TTL cu t and a advanced power

Schot t ky TTL |F'€&|1tosn§'%b% ntBﬁb 4rc,51f‘t $° \A%rg V2=t he

characterlstlcs of__t hes #ﬁ%lts are sonemhat di ffenent from one another
b

The out put ﬁet8mﬁﬁﬁ 12 needs to drive 15 a-large nunber of

i nputs of the 1T CUI S | ¢ Wigh- 1@ criterion
for the drive ab:FIl r B %%%g gnggidgﬁgﬁﬂg'Zgﬂ%unn% oflthe | ow
power Schot%&* Cighfi YWenotrthe Qe frdbenottPHinal
buffer 12 is Iﬁkg 26ﬁ¥ éuéﬁ%f?ﬁé%%ﬁke °eves I nput cnﬁr%?& [err]o? 0.4

) a o e i ey oo ont atper,
Accordi ngl y pdffierFED (384 'dePEPE8 from terminal No. 20, and is supplied
to one emitter of.the multi-emitter transistor-QH of k)
the TTL circuit 14 through terminal No. 32.
Heanwhile, a standard TTL circuit, a Schottky TTL
10 circuit, 2 low power Schottky TTL circuit ané sn advanced
| low power Schottky TTL circuit have been published as
TTL circuits. Nzsturslly, the characteristics of these
circuits ere somewhst diffegyent from one enother.
The output of the output buffer 12 needs to drive
15 a lsrge number of inputs of the TTL circuit 14 =2t the
seme time and in parsllel. A criterion for the drive ;;
abilitylis to be capable of driving 20 inputs of the-
low power Schottky TTL circuit in psrallel.
Wnen the output of the output buffer 12 is at its
20 | low level, a low level input current IIL df 0.4 maA flows
from one input of the low power Schottky TITL circuit
into the drszin-source path of the N-chesnnel MOS FET Mn4
of the output buffer 12. Accordingly, the FET Mo, needs
to pass a total of 8 mA in order that the output buffer

25 12 may drive the eforementioned 20 inputs to the low level.



to pass a total of 8 mA in order that the output buffer 25 12 may drive
the aforenentioned 20 inputs to the |ow | evel. On the other hand, the

| ow | evel output voltage [err] of the output buffer 12 nust be 0.5 volt or
bel ow as al ready explained. Therefore, the ON-resistance RON of the s
N-cqggner MOS FET [err] of the output buffer 5 12 nmust be set at a sdddi
val ue”of 0.5 volt/8 mllianpere = 62.5 ohns -®— so. |In order to nake the
ON-resistance R of the FET [err] such low resistance, the ratio WL of

the FET [err] must be set at a very |large value of 700/3 to 1000/3. 10
Meanwhi | e, as stated above, ‘both the ratios WL of the FETs [err] and [err]

d b h I I h f ' he i | pgi h hol d
Vol tage [err] of thb AT rCEAAEIao e ASH AR crytaik vefPage’ " oo
Th f , al th | E- FET, f 15
out put buf f or diam s Hae Fetnt BRFCEr) RIS AT 63 LBHLY S Pfed
output_buffer . roe 7007 3 1o 1000
area of the obf sy cPmBRite f SHHEaReRT, I R SO TP i,
to hanper enngnceleningOy-cnerded odepErt w of JeTaf Aty Woregwer, it

incurs drastic®¥owering Tn the swtching spa&dd of I nt'ernal 1ogic bl ock

11 for She fof3 gha ':Sé?asgé’@-a’é/\h@nsrl?é’iﬂVHQubano%ﬁLv&Itié‘emim%ngs

[err] and-[err]of the output buffer 12-are set at e large 25 ‘val ues,
the gate capacidaigemmd dhease, MOS FETs becone '

A . In order to make the ON-resistance Ry of the FET
Mn4 such low resistence, the ratio W/L of the FET Mn4
must be set at a very large value of T00/3 to 1000/3.

10 Meanwhile, es steted ebove, both the ratios W/L of the
" FETs M,4 20d M, need to be the equal values to the

th12
of the output buffer 12 at apﬁfoximately 2.5 volts. -Therefore,

end of setting the input logic threshold voltage vy

2lso the ratio W/L of the FP-chsnnel MOS FET Mp4

15 ocutput buffer 12 must be set at the very large velue

W, of 700/3 to 1000/3.

of the

This fact similarly brings about a substantial increase
in the occupation aree of the output buffer 12 on the
surface of the integrated circuit chip, to hsmper enhzncement
20- in the density of integration. Moreover, it incurs
drastic lowering in the switching speed of the internsl
: logic block 11 for the folloﬁing reason.
Vnen both the ratios W/L of the two MOS FETs M

P4

and of the output buffer 12 are set at the lerge

Y4
25 values, the gete czpecitances of these MOS FETs beconme



30 -9- large values proportionally. Since the gate capacitances of the FETs
M and M4 constitute the output |oad capa- [err] citance of the internal

| ogi ¢ 'bl ock- 11, these gate capacitances and the output resistance of the
inggrnal 5 logic block 11 incur the | owering of the switching speed of the
infernal logic block 11. Meanwhile, since the output of the-output buffer
12 is not only derived fromthe external output termnal (termnal No. 2

of the integrated circuit I1C, but also 10 connected to the |arge nunber of
i nput termnals of the TTL circuit 14'tﬁ?dvgh external wring, the output

| oad capacitance C of the output buffer 12 often becones a very |arge

dependenci es G4 B bEaGaPr SROL Ayt ifes SHACE TRSUDrETHR G

| oad capacitanc err f the pyt buffer .12 in Fig. 4. The ordinate
represents theogr%}b%ga]f:‘?%nﬁplél gﬁétﬁmﬁ?\?ﬁﬁ%% e tgbegc?uéts%u'cr glp?ae- SEfits the
out put load c [ ce . S; u d f.rn0 i 5, the
capaci t ance- g‘éﬁ"ﬁ%ﬁﬁf K?—Ee[ érr)lrcfrggyt %8aﬁ'icr s%tq%gé{)ggdat‘{hoér?é;e ayéat ime [err]

of the output J&Béﬂté&fég fhgﬁxﬁﬁgogg 3ROWle Q-5 BREE/H £ 0 Gi 4 €1rnal

capaci t ance- dependency [err ond propagation delay tine
5 1logic block 11 incur the lowering of the switching

speed of the internal logic block 1l1.

Meanwhile, since thé output of the output buffer 12 o

is not only derived from the external output terminal
" (terminal No. 20) of the integrated circuit IC, but also
10 connected to the large number of input terminals of the
TTL circuit 14 through external wiring, the output load
capacitance Cx of.the output buffer 12 often becomes a

very large value. s

Fig. 5 of the accompanying drawings is a graph
15 illustrating the dependencies of the propagation delay '

times t upon the output load capacitance Cx of

pHL’ tpHL
the output buffer 12 in Fig.'4. The ordinate represents

the propagation delay times, while the abscissa repre-
sents the output load capacitance.
20 Thus, as understood from Figure 5, the capacitance-

dependency K (=zltpHLAACx) of the first propagation

HL

delay time tD of the output buffer 12 in Figure 4

HL
is about 0.3 nsec/pF, and the capacitance-dependency

KLH(=AL£ AACX)_of'the second propagation delay time

pLH

25 tpLH is about 0.17 nsec/pF. Both are great.

4



25 t I's about 0.17 nsec/pF. Both are great. pLH 3i -10- Accordingly,
the input buffer 10 of Figure 2 formi ng the background art of the present __
i gventi-on invol ves problens as sumred up below. (a) In order to |essen thadl
out put capacitance-dependencies 5- . of the propagation delay tines of the
i nput “puffer 10, the ratios WL of both the MOS FETs[err] and M2 of the
secohd- st age. CMOS inverter of the input buff¥?~ 10 must be made | arge, - which
hanpers enhancenent in the density of integration. Particularly in a case
where the integrated 10 circuit ICis of the naster slice type or the
sem -customgate array type, there is the possibility that a very |l arge
nunber of gate inputcoedirhpals ithet Heput esukfer opd codl PLgutd B fborheng
connected to the output of the input buffer 10. When the output capacitance
[err] of 15 thetbeckgputunfubairér o0 thecpreselty evembsonweiyvgieas, the
above problemis very serious. (b) Further, the first stage of the input
buffer 10 is poeobkemofasheuaies upvdrelmwerr]. Therefore, even when the
gate protection circuit conposed of the 20 el enents R and

[ err] connect etia) t e oréeRdbanlessengttine sfutiput raretihtapaerdgpreniascoes
both the MOS FETs [err] against a surge,. voltﬁge applied to the ingut
termina? [errPheth®tprepesehienrgelay times of the input buffer 10,

the ratios W/L of both the MOS FETs sz 2

~second stage CMOS inverter of the input buffer 10 must

and Mn of the
be made lerge, which hampers enhancement in the density
of integration. Particularly in a case where thé integrated

10 circuit IC is of the master slice type or the semi-custom

- gate array type, theré is the possibility tnat z very

large number of gate input_terminals in the intermel
logic block 11 will be connected to the output of the
input buffer j0.  When the output capacitance Cs of

15 the input buffer 10 accordingly becomes very great, the
above pfoblem is very serious.
(b) Further, the first stage of the input buffer 10 -

is formed of the CMQOS inverter Mp1’ ¥ ,. Therefore,

ni
even wnen the gate protection circuit cbmposed of the
20 . elements Rp and Mﬁ3 is connected, the breakdown strengths
of the gate insulsting films of both the MOS FETs Mp1’ Mg
agaihst e surge, voltage applied to the input terminal
IN1 are not satisfactory.
“1In eddition, the output buffer 12 of Figure 4 forming

25 the background art of the present invention involves



I n addi tion, the output buffer 12 of Figure 4 formng 25 t he background
art of the present invention involves probl ens as sumred up bel ow.. (c)
I'n orddr to set the i nput logic threshold voltage Vithl2 O the output
buffer 12 at approximately 2.5 volts and to enhance the current sink
ability-at the low |level 5 out put of the out put buffer 12, the ratios --
WL of both the MOS FETs [err] nust be setllat | arge val ues equal to eachu/
ot her, which hanpers enhancenent in the density of integration. (d) Wen
the ratios WL of both the MOS FETs [err] and 10 [err] of the out put
buffer 12 are nade | arge, also thé gate capaci tances of these MOS FETs

| ncr ease. A n Si capacitances and t he out put
resistance‘J b £§§ %r%a %ogl 11 |ncur |l owering in the switching

d of t t wh
the out put “Eﬁ’;;‘-'tf odf”a‘%%e"?hf s?tﬁ?ﬁ o8 3{*1“1 GELE ot etode o f tRER FETs o
hi gh t t t t +

Conept Sy anaes S8rRRESELIE e 1T ﬁtﬁét}??%fna%ys %b?rp’é%éw of
the MS 20 4ng E%Tsez{ﬂxstetbﬁedees?errq]c's%kofaéftgleg Q031,01 gl 2, 4] res

upon the output |oad capacitance are grea V%" case

wher &2 | LI ZUTLAT e ! SREDULCLNTELS 1, Lt {ttﬁgrgcwzb% %@tﬁonnect ed

to the output "of the output uf fer t hi’s probl e Comes

i nportant. the MOS FETs Mp4 and Mn4 must be set at large values

equel to each other, which hampers enhancement in the o/

density of integration;
(d) When the ratios W/L of both the MOS FETs K, =nd

10 M of the output buffer 12 are made lerge, 2lso the

n4
gate capacitances of these MOS FETs increasse. 1In consecuence,
these gate capscitances end the output resistsnce of
the internel logic block 11 $ncur lowering.in tﬁe switching
speed of the internal'logic block 11. Partlcularly

15 in & cazse where the output =tage of the internsl logic
block 11 is composed of MOS FETs of high output resistznce, 'C;
.the logering of the switching speed is conspicuously-
problematic. .
(e) Since the output.buffer 12 is_composed'of the MOS

20 FETs Mp4 and Mhé; the dependénciés of thé'propagation

deley times upon the output load capscitance Cx are

greet. Particulerly in & case where g large.number

of input terminsls of the_TTL circuit 14 are connected

to the output of the output bﬁffer 12, fhis problem

25 becomes important.

2



t 12 - According to the present

integrated circuit including: (a) an internal |ogic block including a

plurality of quasi-CMOS circuits, the input stage of 5 each of said

guasi -

CMOS circ

uits including P—channel and N-channel MOSFETs, and the

out put stage of each of said quasi- CMOS circuits I ncl udi ng bi pol ar

traqsistors;

said i nternal

and (b) an output |evel converter having an input termnal coupled to

recei ve at

?%u?osFﬁﬁaPr%?e%Feﬂ%Y%?ﬁ?ﬂ%dtﬁ reeldl s

different than that

| evel

converter;

BEhufar ane %ﬂ%ﬁa?dﬁ‘%sﬁé'. SokPetat & e Btn b EReTufEhEY"

| ogi ¢ bl ock perform ng | ogic operations on in
S|gnafs and generating output signals based Wpon 10 the | ogi c operations;

| east one of said ouégut signals of said internpal |ogic block,
in order to thereby provi d®°SRY

I nvention there is provided a sem conduct or

R
LY

e

converter for executlng chp% golgégfpgigfogicag QUL py %lpo gn8a3a0|tance

of sai d out put
transi stor; and

hi gh i nput

| evel conver or med rst out put
¥OGELL Peyabe QH&QFlchéye&P&E‘i’@éte{hé U{LDGE SORREI 8BS @

i npedance circuit Wwhich is connected between a base of said

first bipolas outaeh &fa8sistghiaandcmesi @Ilte@yﬁstﬁﬁal@@ingfpsahgneei Paha
25 converter.

| evel

10

15

20

25

N-channel MOSFETs, and the output stage of each of said
quasi-CMOS circuits including bipolar transistors; said
internal logic block performing logic operations on
input signals and generating output signals based upon
the logic operations; and

(b) an output level converter having an input
terminal coupléd to receive at least one of said output
signals of said internal logic_block, in order to
thereby provide an output®signal of predetermined
levels different than that of CMOS levels at an output
terminal of said output level. converter;

wherein an output transistor of said output
level converter for executing charge or discharge of an
output load capacitance of said output level converter
is formed as a first bipolar output transistor; and

wherein said output level converter further
comprises a high input impedance circuit which is
connected between a base of said first bipolar output
transistor and said input terminal of said output level

converter.



34 - 13 - The sem conductor integrated circuit may further include: (c) a
driver transistor which drives said first bipolar output transistor for .
exegu;ti ng the 5 discharge of the output |oad capacitance; and (d) a secoend
bi ptl-ar. output transistor for executing the echarge of said output |oad
capacistance, in response to the input signal of said input termnal of s.e"lﬂ)d
output level converter. 10 ' Jhesz hi gh inputinpedance circuit may™fe
constructed of MOSFETs, and may logically process a plurality of output

signal s of said internaltHegenidadactihe Semeokhetoiréni €grayed circuit
may 15 further include: (e) a control circuit which turns "off" the
di schar gi ng fifristtHeEpalrarl wd@eput transi stor and the chargi ng second bi pol ar
output transistor of said output |level converter simultaneously in response
20 to a control signal, (@ & diriver ttranhis b nghbelh ddoivestsaed ni nal  of
said output |level converter into a float state. - 14 -
first bipolar output transistor for executing the
5 discharge of the output load capacitance; and
(d) a second bipolar output transistor for
executing the charge of said output load capacitance,
in response to the input signal of said input terminal
of said output level converter.
10 ' The high input. impedance circuit may be
constructed of MOSFETs, and may Iogically process
a plurality of output signals of said internal logic
block.
The semiconductor integrated circuit may
15 further include: :

. (e) a control circuit which turns "off"
the discharging first bipolar output transistor and
the charging second bipolar output transistor of o/
said output level converter simultaneously in response

20 to a control signal, in order to thereby bring said

output terminal of said output level converter into

a float state.



The present invention will now be described in greater detail by way of
exanples with reference to the remaining figures of the acconpanying
drawnngs wherein:- Fig. 6 shows a bl ock diagramof a preferred 5 f or m of
a | ogic semiconductor integrated eircuit; Figs. 8 and 10 respectivegy show-
circui.t "exanples within the scope of the invention of a CMOS NAND gate 211
and\a’CNCS NOR-gate [err]in the circuit of Fig. 6; 10 Figs. 7
and 9 respectively show circuit exanpl es d4t i de the scope of the invention
of a CMOS-NAND gate 211 and a CMOS. NOR gate [err]in the circuit of Fig. 6;
it being appreciated that ThRRresanipliayentd anumilde navwe br descatibede 1n

present invention 15 because the show onl CNOS circuit, whereas
t hose exanpl es SF&AFSH 98 arﬁ?ylé" ’%%é‘{ﬂlezfs Wit fr(ﬁqq}'\ﬁ’\‘?ﬁ é)?aﬁ'ﬁlees

show quasi CMOS circuits é%éb 12 show circuit, e es CMOS R-S
f1ip-flops withEFmALTNg: ’Teosgio Thesip ARG e TR ey nog,

Fi 13 sh t fd th

i Im?er nal SI g\glscabﬂ)gﬁuél ?#a]l e cfg;hcog‘f ?ﬁlﬁu%@ggaﬁ '5,2{ ewey%esﬁhowe

di agrams of svarigi§y o aorﬁl_gefé b iUdRIKt ot MGiHdgtalfed *beiz‘c‘i‘:‘i‘%' converter
201 of an input buffer 20; 32 to 34 .and Fig.” 36 show di agrans of

Figs. 8 and 10 respectively show circuit
examples within the scope of the invention of a

_ CMOS-NAND gate 211 and a CMOS-NOR gate 21f in the
circuit of Fig. 6;

10 _ Figs. 7 and 9 respectively show circuit
examples outside the scope of the invention of a
CMOS+NAND gate 211 and a CMOS+<NOR gate 21f in the
circuit of Fig. 6; it being appreciated that these
examples are outside the fcope of the present invention

15 because they show only pure CMOS circuit, whereas
these examples shown in Figs. 8 and 10 as well as the
following examples show quasi CMOS circuits;

Figs. 11 and 12 show circuit examples of
CMOS R-S flip-flops within an internal logic block 21

20 in the circuit of Fig. 6;

Fig. 13 shows a circuit example of a CMOS
gated R-S flip-flop within the internal logic block 21
in the circuit of Figure 6;

Figs. 14 to 31 show diagrams of various

25 preferred forms of circuits of the level converter
201 of an input buffer 20;

Figs. 32 to 34 and Fig. 36 show diagrams of



-15- various preferred forns of circuits of the |evel converter 221 of an

out put buffer

21; Fig. 35 shows a diagram of input and out put waveforns for

defining first and second propagation delay 5 tinmes tpHL' tpLH Fig. 37

in

bl ock di agrampf; 3k qrpgl_{%u'c%rbgygee‘m%pstruct ed in such a way that a

preferred formof circuit

I'ng to

circuit are packaged on midr i3y ethdwd @lidi A ofl e dutiahd R ed
circuit shown in Fig. 6 20 includes a TTL -~ CMOS | evel conversion | nput

buf fer 20 whi céavetotiesan dyRIMInEivgd land tseddmt progdyat iputadiudyf er

10 in Fig. 1,

conversion 25 out put

of the output

an internal |ogic block 21 which operates with CMOS | evel s

simlarly&o tﬁimésqt’@r{) ﬂrﬁ%'yc block 11 in Fig. 1, and a CMOS - TTL | evel
urfe whi ch executes an operation simlar to that

buffer 12 BigFiy showsh¢hedmsauty©ocivaguiqus 20.rtitand 22

are fed with %Jsupply vol t age

10

15

20

25

locks ‘on a semiconductor chip surface in a logic
semiconductor integrated circuit;

Fig. 38 shows a structural diagram illustrative
of the state of connection of a semiconductor chip to the
tab lead LT of a lead frame I..F and connection of bonding
wires in a logic semiconductor integrated circuit:; |

Fig. 39 shows a diagram of the completion of

'a circuit resin moulding; and

3
Fig. 40 shows a block diagram of an electronic

systeﬁ constructed in such a way that a preferred form
of circuit according td the present invention and another
circuit are packaged on a printed circuit board.

The logic integréted circuif shown in Fig. 6
includes a TTL - CMOS level conversion input buffer 20
which executes an operation similar to that of the input
buffer_lo in Fig. 1, an internal logic block 21 which
operates with CMOS levels.similarly to the internal logic
block 11 in Fig. 1, and a CMOS - TTL level conversion
output buffer 22 which executes an operation similar to
that of the output buffer 12 in Fig. 1. The respective

circuits 20, 21 and 22 are fed with a supply voltage

he present invention and anot her

shog§$the'layout of various circuit blocks on a sem conductor chip surface
ogi ¢ sem conductor integrated circuit; Fig. 38 shows a structural
diagramillustrative 10 of the state of connection of a sem conductor ch
to the tab lead LT of a lead frame LFa

| ogi ¢ sem conduct.or inte ed. circuit;. Fi.g. 39 sh a di agr,am of the
conpl etton of ARt (RET Y Rt e (bt B Y Svarae

connection of bonding wires in a

a

4



87 -16- Vcc of 5 volts through termnal No. 30, and are earthed through

termnal No. 31. The input buffer 20 has a plurality of TTL - CMOS | evel.
converters 201, 202 . ..... 20n, the 5 respective inputs of which are
tonnected to termnal No. 1, termnal No. 2, .termnal No. 19 and the
respectfve outputs of which are connected with the internal |ogic block 21
by \alumi niumwi ring layers inside the circuit 1C 10 The d
inteinal |ogic block 21 includes CMOS NAaND6gates 211, 212, 213, 214,
CMOS. NOR gates 21 [err], [err],.and if necessary, CMOS exclusive OR gates,

CMOS transni ssi w&Fgaatfess VOYRS ithroilghl TerMinalowes.i B0t handxarpl eapthédg. 7,
whi ch as 15 not above is outside the scope of the present invention

because it rel atttrdughn germa n@VOBoci Bdui t, the CMOS. NAND gate 211 incl udes
P-channel MOS FETs [err] and N-channel MOS FETs M3, M4. Anot her exanpl e of
the CMOS. NAND gate 211 wi tBhien impaits bayfdeat 20nBasnacplngal2ty €4n be
constructed of a quasi-CMOS circuit which further includes N-P-N
‘transistors [errTlam GMOS degied [OnWerdeTsndfit i F%8irg - '8.'-_'8?956 then _
err] the olR pulF LRReFEiHR [HAEER oG RS SEdn G PR 3800 P r EroRaT
capaci tance- depgpdency of LG PiRPAGAti on delf g " B9 haasened:
respective outputs of which are connected with the
g,- internal logic block 21 by aluminium wiring layers
in#ide the circuit IC.
10 The internal logic block 21 includes CMOS *NAND
gates 211, 212, 213, 214, CMOS*NOR gates 21 (£ - 1),
21¢, and if necéssary, CMOS exclusive OR gates, CMOS
transmission gates, CMOS inverters.
As shown in the‘example of Fig. 7, which as
15 noted above is outside the scope of the present invention
because it relates to a pure CMOS circuit, the CMOS+NAND
gate 211 includes P-channel MOS FETs Ml' M2 and
N-channel MOS FETs M3, M4. Another example of the
CMOS+NAND gate 211 within the scope of the invention
20 can be constructed of a quasi-CMOS circuit which further
iﬁcludes N-P-N transistors Ql' Q, and resistors Ry/ R,
as shown in Fig. 8. Since such quasi-CMOS circuit has
its output stage composed of the bipolar transistors
Ql’ Qz, the output drive ability is enhanced, and the

25 output load capacitance-dependency of the propagation

delay time can be lessened.



- 17 - As shown in the exanple of Fig. 9, which as noted above is outside

t he Efppe of the present invention because it relates to a pure CMOS

circé®, the CMOS*NOR gate 2le includes P-channel MOS FETs [err] 5 M .and .
N-channel MOS FETs [err] Another exanple of .the CMOS*NOR gate 21t within )
the s€ope of the invention can be constructed of a quasi-CMOS circuit whjch
further includes NNP-N transistors [err] and resistors [err] as-shown in‘—J '
Fig. 10. Since such 10 quasi-CMOS circyit _has its output stage conposed of
the bipolar transistors [err] the output drive ability is enhanced, and the
out put | oad capaci-tance- dependency of the propagation delay time can be

| essened. 15 As, shawny die i xRl & Ge iFige, haddchvas NAND

gates and CM(E#NQ;% tes are conn%@% in varigﬁf forns in accordance with
the master sl i&F F® tife RS SGARE 85 fhe PFEseBS exanpl e, an

R-S flip-fl i -2 t nbi ni t f CMOS..NAND gat
as sho;/mg i polgillf%’e%%q‘on 9’fs"'.tg{l’l%ger %‘bq.\/l}%:éc}(r%er?: nrjc;;;c’nt m@m%fe Ot%@%a%ﬁw 'gat g? ::
shown in Fi gurg ol auddindielgatd e RR13ddd Bidihndll Mds' FETs M.,

5 M2

the CMOS*NOR gate 21¢ within the scope of the

‘and N-channel MOS FETs M3, M, Another example of

invention can be conétructed of a quasi-CMOS circuit
which further includes N-P-N transistors Q;s Q, and
resistors Rl’ R2 as shown in Fig. 10. Since such

10 quasi—CMOS circuit has its output étage composed of
the bipolar transistors Q,, Q,, the output drive
ability is enhanced, and the output load capaciﬁance-
dependency of thé propagation delay time can be
lessened. 3

15 In the internal logic block 21. these
CMOS *NAND gates and CMOS+NOR gates are connected
in various fdrms in accordance with the master slice _ o/
type or the semi-custom gaté array type.

- For example, an R-S flip-flop is con-
20 stfucted by combining'two of the CMOS+NAND gates

as shown in Fig. 11



controlled by a clock signal Cis constructed by conbining four of the CMOS
NOR gates as shown in Figure 13. S In this manner, in the |ogic
semi conductor integrated circuit 1C of the nmaster slice type or the gate:"
array type conforming to the needs of users, the outputs of the |evel -
convertefs 201, 202, . 20n of the input buffer 20 and the inputs of tag
vari bogs gates or inverters 10 of theilfternal logic block 21 are
connected in various fornms by altering only the wiring pattern thereof.
Simlarly, the outputs of the various gates or inverters of the internal

| ogic block 21 and the inputs of the |evel converters 221, 222, 22m

of the output buffer 15, ., 22 are_cononected in various forng. The out put
buf fer 22 has°¥ﬁ%ypﬁ%%ﬁ??ﬁ?go%"EWeg t Iﬁﬁégkﬁb%oﬁﬁg?feF§ 58¢w1235

22m the respgctive', outputs. of which ar ect ed t erm nal ,No. 20,
torminal no. ugire 122" PELRtRer’ \a” 8sde8 3N FLE-F008 WELER 187 ¢ cat ures
of the |evel conyve [ 1 s on of _the.i t . huffer.20 are
as stated beI%Wtr("%fﬁeg?nﬁugsgﬁ%‘egﬁgp&l\/oq t%’asgec{ﬁ?ﬁr%?gggc.ﬁgofofnﬁgf%%el
vol tage of 0 WA e LRS- NORSERLIS. S kit 1nPldlrgl S 0 Vo e
[err] Ang out put tr | 5 Ok ' exgc S ' a
outputq%apacitancgﬂfééé?go?ﬁgggﬁ’oﬁﬁtE%sl%V ‘%Eﬂ%@f%é#%gigﬁ? §g§?8£g€23
20n in responggrdi®it IC of the master slice type or the gate array

A type confofming to the needs of users, the outputs of
the level converters 201, 202, **--+« 20n of the input
buffer 20 end the inputs of the'variouS'gates or inverters

10 of the internal logic block 21 are connected in various
" forms by-altering only the wiring pattern thereof. Similerly,
the outputs of the verious gates or inverters of the
internal logic bloeck 21 and sthe inputs of the level
converters 221, 222, *+°°++* 22m of the ouﬁput buffer
15 22 are connected in various forms.

{ The output buffer 22 has the plurality of CMOS - TTL
level gonverters 221, 222, °*-°*°** 22m, the respective~
outputs of which sre connected to terminsl No. 20, terminal
No. 21, -+--* terminal No. 29. |

201 ' The essential features of the level converters
| 201, 202, sesee 2dn of the input buffer 20 zre as stzted
: below. .
(aj The input threshold voltage vith of each of the
level converters 201, 202, ---+- 20n is set between

25 a TTL low level input voltage of 0.8 volt and = TTL



5 an input signal supplied to the input terminal thereof, is formed of
a bipolar transistor. Further, neritorious features in preferable aspects
of per & mance of the level converters 201, 202, 20n of the i nput buffer. 20

»

are as stated below 10 (c) A Schottky barrier diode is connected
betweem t he base and col l ector of the bipolar output transistor [err] whith
executes the discharge of the output capatifance - C in the above item

(b) "(d) A second Schottky barrier diode is connected between 15 t he base
and collector of a driver transistor [err] which serves to drive the base
of the bipolar output transistor [err] with its output in response to the

I nput si gnak :SupRLL ts | el Ba ch of the |evel converters
201, 202, hl%ﬂ §53§q269uhn?€g§9¢%%éog?Lgfbt?g%§%§tor whi ch executes the

h ft : | . t 201,
charge o gﬁ)p%pkbhtﬁﬁaoﬁztmsﬂ?f;rlvh@f:ne@_i@c_‘&fte@”‘%ﬂ@%ﬁaﬁ?vﬁ ers

202, ... .. 2 Is also"forned of a bi'polar transistor [err e base

signal .or cakls@akekeSicdNAneloltputlr t¥Fhcitansesicor o dacr reisthdted to
t he base of the charging 25 bi pol ar” out put trafsistor [err] through a

MOS buffer wavel convd@tdias 20N ab02 ppet -k pedanas mfﬂh@apiéfyi ng

function. (g) A Schottky barrier diode D for level shift is connected
bet wegn t he apnpybutesiighall Gfuppicie®f t6hthbevaputotedniialsl XHered2, ... ..

20n and the base of the driver transi.stor [err]. 5 (h) AP-NP enmtter
fol lower trassfsraed ofamdwWdpeldr transistor.

Further, meritorious features in preferﬁble aspects ;}
of performance of the level cqnverters 201, 202, <-----
20n of the input buffer 20 ere as stated below. |

10 (c) A Schottky barrier diode is connected between the
base and collector of the bipoiar output transistor
CH wnich executes the discharge of the output capacitance
- Cg in the above item (b) .. |
(@) p second Schottky barrier diode is connected. between
15 the base and collector of e dr;yer transistor szhich
serves to drive the base of the bipolar output transistor ;;
g, wit? its output in response to the input sigpal supplied
to the input terminal of each of the level converters
201, 202, --+-- 20n. |
200 (e) The output transistor which executes the charge
of' the output capacitance Cs of;each of the level converters
201, 202, <-+-+ 20n is elso formed of a bipolar transistor Qs
(f) The base signal or collector signal of the driver .

transistor Q2 is transmitted to the base of the charging

25 bipolar output trensistor Q_3 through a MOS buffer which



jﬂnctfon di ode for level shift [err] are connected between the input

termnal of each of the |evelconverters 201, 202, *...... 20n and the base
of the-driver transistor [err] Figures 14 to 31 show diagrams of various-y.
circuits 10 of the level converter 201 of the input buffer 20 accord&dg

to qggpdfhents of the present invention, Al these |evel converters have
t he sential features of the above ité%%‘(a) and (b). Further, these |evel
converters have at |east one of the neritorious features of the 15

above itens (c) to (h). In the level converter 201 of Figure 14, the input
termnal[err] i's connected to the cathode of the Schottky barrier diode for
| evel shift [ledd ]a Hiph ahwpetoimpkideh des sshractatbl D ¥ireg bfsscofiohbe
driver transistor [err]. 20 The kind of the barrier nmetal of this diode
D and the bafgiler Soheatthprbarriee d@nﬂeﬁnvxfamylawél)sﬁifthésfoomaedted
voltage V thereof at 0.35 volt to 0.41 volt. F The forward vol tages VF of
t he Schottky hettwéenr thedisphér tprafingle dieesic @l etherkevel Fcguvestébst o
31. are simlarly 25 set at 0.35 volt to 0.41 volt. -21- Further, in
t he arrangene?1.0f203 gur &* 12, 26achndf thie trsieyaf thhmsiniver [erapsiatiorhs, -
di schargi ng o\ﬁgut transistor [err] has a Schottky barrier diode D
connect®d betwaérh thraitRsembhtier of Padomern Hareaufi +kon Ry ndda5P-N by the

hook- shaped base el ectrode synbol thereof. As
Junction diode for level shift D, =are connected between

KJ the input terminal of each of the level converters 201;
| 202, e¢*+++ 20n and the base of_the driver transistof Qz.
_ Figures 14 to 31 show diagrams of various circuits
10 of the level converter 201 of the input buffer 20 according
to embodiments of the present invention. All these
level converters have the essentiel features of the
above items (a! and (b). Fgrther, these level converters
heve at least one of the meritorious features of the
15 gebove items (c) to (h). |
In the level converter 201-of Figure 14, the input

termingl IN, is connected to the cathode of the Schottky

1
berrier diode for level shift D1, the anode of which
_ is connected to the base of the driver transistor Q2.
20 ©  The kind of the barrier metal of this diode D, and the

barrier area thereofl ere determined so as to set the

. forward voltage V, thereof at 0.35 volt to 0.41 volt.

The forward voltages VF of the Schottky barrier diodes

q of the level converters in Figures 15 to 31 ere similsrly

25 set at 0.35 volt to 0.41 volt.



Is well known, the clanped transistor provided with the Schottky barrier
~diode in this manner has a very short storage tine. In the ensuing .
enboflPment s, transistors having hook-shaped base el ectrode synbols are such
clamed 10 transistors. The base of the di.schargi ng output transistor
[err] 1§ connected to earth through a resistor of 5 kiloohms-R for -
di schargi ng the base charges thereof. Bengfpd in the arrangement of Flgugy :
14, a resistor 15 of 18 kil oohns R11 and a resistor of 2 kiloohns R12 '
are connected in series between the supply voltage V and the anode of the
- Schottky barrier diode [err] . The. junction between the resistors[err]
and R 1is connec%ed to the gate of a P-channel MOS FET [err] which serves
20 as a phase fHULREEp, 1§n& hE TR angeBenthPEnFigusenidat @8cho t he base
of the chargi F€UtBUt transi stor err%g Further a dlode Dis connected in
b

order to relf FAVRT" 5FERSEREOT Rsi 293 LRR . Gh8RDARE1PEy BN tRF ver t er

201 ot the ohFtBeSEpr e BRA. B ek ey Bétrder' digds: b sprpecipds
Coput of the? %ﬁ?ﬁ%ﬁﬁé BRRe SR A E R ot Khe e Bt B L EBRR CaTed e ot t e
AL e O caciugl bl ygglﬁapaaaemt Yedtrode sibR Md-Qrls g5t at 100

is well known, the clamped transistor provided with the
Schottky barrier diode in this manner haé a very short \;
| storage time. -In the ensuing embodiments, transistors
having hook-shzped base electrode-symbols are such clamped
10 transistors. The base of the-discharging output transistor
<, is connected to earth through |
s resistor of 5 kiloohms R1O for dischﬁrging the base
charges thereof. e |
Besides, in the arrangement of Figure 14, 2 resistor
15 of 18 kiloohms R,, and e resistor of 2 kiloohms R

12

are connected in series between the supply voltage Voc ;;

and the enode of the Schottky barrier diode D1. The.
junction between the re51stors R11 and R12 is coﬁnected

| to the gate of a P-channel MOS FET Mp10'wn1ch serves

20 es & phase inverter, and the drain of which is connected
to the base of the charging output transistor Qs
| Further, a diode D3 is connected in order to rellably

turn moff" the transistor Q; when the level converter
201 ﬁroduces its low level output. The output of the

25 level converter 201 at the emitter of the charging butput



also be set at a still smaller area. Further, the ratio WL of eagh, MOS FET
is set-at.a value of 32/3 to 64/3. W have been able to denpnstratté t hat

t he enbodi nent of Figure 14 having the above arrangenent 10 exhibits
propagation delay tinmes and the output capacitance- dependencies thereof ™
| i sted bélow tpHL-(for. [err]=0 pF) ...... 226 nsec tpLH (for [err] =0
pF) N/ 5.7-nsec [err] ~4%7.. 0.4 nsec/pF 15

[err] ) 0.4 nsec/pF It can be appreciated that the

af orenenti oned propagation delay tinmes[err] and output capacitance-
dependencies [err] are excellent as conpared with the characteristics of

the input bUftfr%EPsJi%‘écﬂ' F%:,?ufg gomggctle_ld to tygr NS to';chaepéceilglanggnverter

201 in Figure can attd@n deSifted characterirstic rreasons St at ed

bel ow. The f : he. Sghat ' [ . [
et i 035 a0 i v (4140 Hethefed "EaTPRE, SOREIE ad’ (BRI ©

transi stors [%-gtrd e ﬂppﬁg&(im%%%%S %%iep' 620%% to4, Therefore, the input

t hreshol d voltage Vith -23- 0 converter 201 is set as

follows: [err] = Q9 dsi o 44 &P)edER 8¢ RMe WiHBIS OfSans£E£drd OF
executing the 5 charge or- di scharge of fhe output capacitance [err] of
5 C1: Q2 and Q3 is set at 100 pm to 144 s and can
also be set at & still smaller srea. 'Further, the ratio
v - W/L of each MOS FET is set at a value of 32/3 to 64/3.
We have been able to demonst?ate that the
embodiment of Figure 14 having the above arrangement
10 exhibits propagation delay times and the output capacitance-
dependencies thereof listed below:
tpHL (for Cg = 0 pF) cecee 1.6 nsec
tpLH (for C, = O pF) °++-+ 5.7 nsec
K
15 K

aL esess 0.4 nsgc/pF
- e+ 0.4 nsec/pF
It can be appreciated that the aforementioned

propegation delay times tpHL’ tpLH and,output capacitance-
dependencies KHL’ KLE are excellent as compered with
the characteristics of the input buffer 10 in Figure 2.
20 | Moreover, the level converter 201 in Figure 14
can ettain desired characteristics for reasons stasted below.

(a) The forward voltege Vp of the Schottky barrier diode

D1 is set at 0.35 to 0.41 volt, and the base-emitter

voltéges v Vv of the transistors CH’ Q2 are approximztely

BE1’ 'BE2
25 0.75 volt. Therefore, the input threshold voltage Vitn



the | evel converter 201 are fornmed of the bipolar transistors of |ow output
resi stances.” Therefore, the switching operation speeds can be raised or
the propagation delay tinmes can be shortened, and the out put capacitance-
10 dependenci es of the propagation delay. times can be | essened. (c) Tne
Schot t ky' rrier diode is connected between the base and col'l ector of each,
of the transistors [err] which are dr#¥en into their saturation- regi ons.
Therefore, when both the transistors [err] operate to switch from 15

"on" into "off", the storage times can be shortened. (d)Wen the potenti al
of the node of the resistors R11 and R12 rises to turn "off" the phase

inverting Ngp ERd ig Leh Q@%ggykgpaég ng ogggwégtggﬁiag J [err] current
e

to flow fromthe no Into the gate o err becones
very smal | because theg, |npq;.meedanve of +ie_gate of the NCS FET M S
very high. Accordingl $t® he entddi meBE1 enhaﬁ@gs an operating speed for
swi tching the chargi ng output, transistor from"off" into "on" when
conpared with a case of foﬁnWﬁé?ﬁE pﬁagé Vﬂi rter 25 by the use of a

25 The. | evell 0orae; PEEPHS: CHERA R TR d 50qr 1 Rer £O, GRECHILTE Whure 14 only

LNt anokterel b WSl O Dol SuaEdep RSB (e e ol ode

level convepfgry Stil! cBRYSrter 201 are formed of the bipolar transistors
of low output resistances. Therefore, the switching o
operation speeds cen be raised or the propagation delay
times can be shortened, and the output caﬁacitance-

10  dependencies of the propagation delsy times can be lessened.
(c) The Schottky barrier diode is connected between
the base and collector of each of the transistors Q&
which ere driven into their ®*saturation regions. .Therefére;
when both the transistors Q1, Q2 operate to switch from
.r;S | non® into "off", the storage times can be shortened.
(d) Wwhen the potential of the node of the resistors Q;
R

and R,, rises to turn "off" the phase inverting

11 12
MOS FET Mﬁ10 and the charging output transistor Q3, current

to flow from the node into the gzte of the MOS FET Mp10

20 becomes very small because the input impedénce of the

gate of the MOS FET Mp

the embodiment ennances an operating speed for switching

40 is very high. Accordingly,

the charging output transistor Q3 from "off" into "onm
'when'compared with 2 case of forming the phaée.inverter

25 by the use of a bipolar transistor, not the MOS FET Mp10'



Regarding the | evel converter 201 of Figure 15, the propagation delay tines
and t he out put capacitance- dependencies thereof have been confirnmed as
foll ows: 10 [err](for [err] =0 pF) ..... 1.89 nsec tpLH (for
[err]= 0 pF) 6.37 nsec [ersr] | 0.4 nsec/pF 0.4
nsec/-pF Further, also the |evel converter 201 of Figure 15 15

at t's¥n. desired characteristics for the2gane reasons as in-the case of
Figure 14. The |l evel converter 201 of Figure 16 differs fromthat of Figure
14 only in the collector connection of the driver transistor [err]. The
propagation delay tines 20 . and their output capacitance-dependencies of
such | evel converter in Figure 16 have been confirned_as fall ows; % rrj

(for [err] = 0 pFFhe level COUVQFﬁﬁFr%Qk T%rF}SP?Sr1Pe¢FfferG gEP

5. 08 nsec KEL 4 nsec/ pF

0.4 nsec/ pF thatpgf KPSBthé4I@W%Y(iﬂnﬁﬁﬁEraﬁﬁihﬁr ?lﬂuaﬁnféléﬁh attain

desired characteristics far, the sa s as _i.n,.the.ca f Eiqure 14.
The | evel cofi¥efeeP, 2d® Gﬁdpﬂgureﬂi $$%€%°?r8ﬁ1§£e dfﬁé? 8ﬁ e 15

of ihe phaceif ErEAlEds VER Ree, 10ttt e DedcOREB bR TR FBR ot put

transi gt or

the level converter stlll_more.
Regarding the level converter 201 of Figure 15,
v  the propagation delay times and the output capacitance-

dependencies thereof have been confirmed as follows:

10 tpHL (for Cg = 0 pF) f-°°- 1.89 nsec
tpLH (for Cs = 0 pF) ++*°** 6.37 nsec
Kot ' ' eeses 0.4 nsec/pF
KLH ' s eeeese 0.4 nsec/pF
Further, slso the level converter 201 of Figure 15
15 cen attain desired characteristics for the same reasons
\ gs in the case of Figure 14.

'The level converter 201 of Figure 16 differs from
that of Figure 14 only in the collector connection of
the driver transistor QZ' The propagation delay times

20 ahd their output capacitance-dependencies of such level

converter in Figure 16 heve been confirmed as follows:

tpHL (for cs = 0 pF) <++++ 1.81 nsec
tpLH (for CS = 0 pF) ++-++ 5.08 nsec
KHL . ' ieeees 0.4 nsec/pF

25 : KLH eesses 0.4 nsec/pF



. Figure 18, the transistors [err] are clanped transistors with SchottKky

@. ‘- The propagation delay tines and their output capacitance- dependencies
of such | evel converter in Figure 17 have 10 been conftrned as follows:
t- (for [err] = 0 pF) 2.01 nsec [err] [err] (for C8 = 0 pF) ,

. 7.3Q%see 0.4 nsec/pF 0.4 nsec/PF 15 . +Inthe level converter 201 of
barrier diodes;, and the base of the di s&fargi ng output transistor is </
connected to earth t hrough the resistor of 5 kiloohnms R for discharging
base 20 charges. In addition, a resistor of 20 kil oohns [err] for
limting a collector current is connected to the collector of the
transistor [err]. The resistor_of 18 kiloohns R _ and the resistor

2
kil oohns R12 are Qsl)ﬁ‘hethéleHeé-ePPé"é’e&'ett%e%p? h@fsﬁﬁﬁlui'ezés c%letta@én[ err]

and the anode of the Scho tkg Earrl%r -26- The nction
bet ween t he ¢%%}%?%r%thPF%er AR 19% n%%?@drffs°ns &£ e gate
of a P-channel MOS FET erryaerV|ng as a charging output transistor. In
addition, thea$&t?h V#€UBP thirs FET M is 64/3. 5 The
propagation delayTﬁénfgveEdcog%EQt%&IEﬂh %%P?ﬁiéﬁ?%eﬁ7 differs from

5 ~ that of Figure 15 only in that another N-P-N transistor

QS is connected between the drain of the phase inverting
MOS FET Mp10 and the base of the chasrging output transistor ‘J
Q3' The propagation delay times and their output capacitance-
dependencies of such level converter in Figure 17 have
10 been confirmed'és follows:
tpHL (for c_ = 0 DF) see-- 2.91 nsec
tpLH (for C, = 0 pF) ++--+ T7.30 nsee

Kar, * s+e+- 0.4 nsec/pF
KLE . . R ER 0.4 nSEC/pr
+ In the level converter 201 of Figure 18, the transistors
Q,» Q, are clamped transistors with Schottky barrier >

diodes, and the base of the discharging output trensistor
QH is connected to earth through
the resistor of 5 kiloohms R1O for discha;ging base
20 charges. In addition, a resistor of 20 kiloohms R15
for limiting = collector current is connected to the
collector of the transistorlqé. .
The resistor of 18'kiloohms R11 and the resistor of

2 klloohms R are connected in series between the supply

12
25 voltage V. and the anode of the Schottky barrier diode D,.



dependenci es of. such level converter 201 in Figure 18 have been confirned
as follows: [err] (for Cs =0 pF) *.... 1.9 nsec tpLH (for Cs =0 PF) .....
., 2.9 nsec 10 0.4 nsec/pF [err] 7 1.3
nsec/ pF Further, the |level converter 201 in Figure 18 can attain deSired
characteristics for reasons stated below. (a) Likewi se to the case of

Fig 34, the'input threshold 15 vﬁFﬁage Vith of the |evel converter
201 can be set at 1.09 to 1.15 volt. (b) The output transistor [err] for
executing the discharge of the output capacitance [err] of the |evel
converter 201 is formed of the bipolar transistor of |ow output 20

resi stance. Therefore, the speed of a switching operation at the discharge
of the out putﬂeam%%@@tm behenhepiatiose Rhe BPEpdgat idn CRAMBL tqdves
can be shortened, . and the o Ugut capaC|iance degendenC|es aof the

propagat i on déPa?nF|&&$q: Faeherred Mo 1ki IBERVARE A1 e case of
Figure 14, the_storage tines, f the tra Lors can

short ened. | nCPRTE FE&quﬁﬁﬂﬁNEQﬁn g%? Flgﬁréaéé%lPﬁe Fh%ngﬁﬁ%ﬁ

[err]are the cla ﬁ; stors mg£h§the Schottky barrier diodes, and the
base of the dPf Fdl &ﬁg { ansistor [err] is connected to

earth tRrough the &%el%g% éaé%g%lééig§ €§Qe£°£n8i%EQ§E9U%¥put capacitance-

dependencies of such level converter 201 in Figure 18

L)' heve been confirmed as follows:
tpHL (for c, = O pF) e+-«- 1.9 nsec
| pLH (for Cg = O PF) ceeve ?-9 nsec
10 - seesss e >
_ KHL 0.4 nsec/pF
KLH : sesee 1.3 nsec/pF

Further, the level convertef 201 in Figure 18 can
attain desired characteristics for reasons stated below.
(a) Likewise to_the case of Figure 14, the input threshold
15 | voltage V ., of the level converter 201 cen be set at
o 1.09 to 1.15 volt. '
(b) The output transistor ¢, for executing the discharge
of the output capacitance C of the level converter
201 is formed of the bipolar tran51stor of low output
20 resistence. Therefore, the speed of a sw1tch1ng operstion
at the discharge of the output capacitance can be enhanced
or the propagation delay times can be shortened, and
the output capacitance-dependencies of the propagation
deley times can be lessened. |

25 (c) Likewise to the case of Figure 14, the storage times



base .£harges. A load resistor of 8 kiloohns [err] is connected to the

col tor of the transistor [err] and a resistor of 20 kiloohns R s

i hcor por at ed between 10 the supply voltage [err] and the anode of the.
Schot t ky barrier diode D1. The collector signal of the driver transistor
[err] i$ applied to the gate of an N-channel MOS FET [err] which serves as
a charging output transistor. In additi»n: the ratio WL of this FET [err

is set at 64/3. 15 The propagation delay tinmes and their output
capaci tance- dependenci es of such | evel converter_201 in Figure 19 have
been confirned as folloms lerr] (for Cs =0 pF) ..... 1.1 nsec [err](for
[err] = 0 pF) nsec [err] 0.3 nsec/pEF ...... 2.0 nsec/pF
Further, thef etha %%Hé?-FEPrEOE“of Q'z fA 8Y E%ﬂrﬁff’apn desired
characteristics for reas imlar to those i case_of _Figyre 25
In the |evel comﬂ§t¥9°2 EVS EPRYET AT 4 ka?f %gﬁgfﬁrgg theg! Q%Wé*Stors

il arly the clameq faas oz, 3 e Bosg ol Ane.d) Selggigp vt pu
resistor o edbdiioter Se Aoy @%P?ﬁéféﬁngf %ﬁaﬁt
transigtor [argleso @l ghes [eshabeddia 3 kidopbs
through the resistor ofss kiloohms R1O for discharging
base chargésl A'load resistsr of 8 kiloonms Ri5 is o/
connected to the collector of the transistor Qs and
a resistor of 20 kiloohms R,, is incorporated between
.10 the supply vol;gge Vcc and the anode of the Schottky
* barrier diode D,. The collector signal of the driver

trensistor % is gpplied to the gate of an N-channel

MOS FET M 12 which serves as a charging output transistor.
In addition, the ratio W/L of this FET M 4, is set at 64/3.

15 The propagation delay times &nd their output cépacitance-
dependencies of such level converter 201 in Figure 19 -C;

have bgen confirmed as follows:

tpHL (for Cs 0 pF) eeee 1.1 nsec

O pF) ----- 8.6 nsec

L tpLH (for Cs _
20 ."._ KHL ’ eee e Osnsec/pf :
; Kg _ : eeses 2.0 nsec/pF
Further, the level converter 201 of Figure 19 can
attain desired cheracteristics for reasoné-similar to
those in the csse of Figure 18.

25 " In the level converter 201 of Figure 20, the transistors



R14 is connected between the supply voltage [err] and the anode of the
Schottky barrier diode [err]. The collector signal of the driver
transistor [err] is applied to the 10 gate of an N-channel MOS
FET[err] serving as an anplifier transistor, the ratio WL of the éé}
[err] is ‘set at 323, and a load resistor of 20 kiloohns R is connected
17t?f%he drain Of the FET[err]. The t&in signal of the FET [err]is
applied.to the gate of a P-channel MOS FET 15 [err] serving as an
anplifier transistor, the ratio WL of the FET [err] is set at 64/3, and a
resistor of 10 kil oohns[err]. which serves as a |load resistor and also as a

resi stor fore |SCQ§rggQgs£?§%Q?§9 §E%rqg%wﬁjd%gﬁﬂgggigﬁngcbr agpgut put

transi st or connec e FET The

propagation ds:é@a/ & MEiSe a&ﬁs&ﬂsfgﬁﬂge beg@ogaﬁtéﬁafzetofieggngenerasﬁeeeedsuch

| evel converter 201 in Figure 20 onfirned as err] (for

[err] 0 PF) to. earZh2 nsec 25 - . thi®agh therré€iktor prF)
7 5 nsec - 29- [err] 0.4 nsec/pF [err]

0.4 nsec/ pF FBirtildchmider (S:Vﬁércamuehberg %Cgbuaﬂsé:l §HEpged. cap abkdi n
desired chardcteristics 8 reasons stated bel ow. 5 (a)Li kewi se to the

case of5 Fi.gurgesistdheof miitkiheonnsel R1\éolltsagmrizeécte@f to henéeuelleonuerter
201 can be set at
of the transistor Q2, and the resistor of 20 klloohms

Y, is connected between the supply voltage VCC end

14
the anode of the Schottky barrier diode D,. The collector
.nsignal of the driver tresnsistor Q2 is gpplied to the

10 gate of an N-channel MOS FET M serving as &n amplifier

ni3
"" trensistor, the ratio W/L of the FET Mﬁ13 is set at
32/3, and a-load resistor of 20 kiloohms Ryq is connecte&

to the drzin of the FET N The drain signal of the

n1%°
FET Mn13 is applied to the gate of a P-channel MCS FET

15 serving as an amplifier transistor, the ratio W/L

M 513 |
U of the FET M 13 is set at 64/3, and a resistor of 10
kiloohns R18 whlch serves as a load resistgr and a2lso
as a8 resistor for discharging the bsse chsrges of the
. charging bipolar output trensistor Q5 is connected to
20'. the drain of the FET Mp13 |
The propagation delay times and their output capacitance-
N . dependencies of such level eonverter 201 in Figure 20

heve been confirmed as follows:

t AL (for cs = Q pF) +++++ 2.2 nsec

25 | . tpLH (for Cg = O PF) --v-- 7i5 nsec



-

1.09 to 1.15 volt. * (b) Likewse to the case of Figure 14, the speed of a
swi tching operation for the charge or discharge of 10 t he out put -
capaci tance [err]can be enhanced or the propagation delay tinmes can be
ghgrtened,;and t he out put capacitance- dependenci es of the propagation

ay tinmes can be lessened. - (c). Likewise to the case of Figure 14, the-
storage times of the transistors [err]-2%am be shortened. .15 (d) Vhen \r/
the collector potential of the driver transistor [err] rises to operate the
charging output transistor so as to switch from"Of" into "on", the
anplifier MOS FETs [err] and [err] anplify the change of the collector
potential of the transistor [err] and transmt the anplified 20 si gnal
to the base of the trdafigjstor [err]. Moreover,0s4 meecripFgate i nput
I npedance of the MOS F [err] is very high, a great base current is
i nhibited fromdirectl |l ow ng fromthe tﬂ11ed§04 »se¢PFtransi stor [err]
into the base of the transistor 3. Therefore, the switching 25  speed
of the output trdwither, [the]ledalbeoanedian. 201 nzoFlsure 20 cen
51 In the level converter 201 of Figure 21, H%}rr ] and errL i ndi cate the
cl anped tra@ﬁtﬁﬁﬂwﬁes%ﬂﬁﬂ[GhﬂfaPHGPé§¢é§% Ei?ﬁﬁ%??sbﬁ pted Beda¥-for

| evel shift. The resistors [err] and [err], are re i vel at 5 _ .
kil oofins, 5 ‘a’%%lf%hﬁ% the sage| %Jhr?]blg‘u'ﬁe %tb’PgE %&F”P%He

e e et Sy P bES 18,89 Qo&,mee&ateszei 8uf BIIAE o5 FET

1.09 to 1.15 volt. o/
(b{'Likewise to.the.case of Figure 14, the speed of
e switching operation for the charge or discharge of

10 the output capacitence Cs can be enhanced or the propagation

' deley times can be shorfened, and the output capacitance-

depenaencles of the propagatlon delay times can be lessened.
(c). Likewise to the case of *Figure 14, the storage tlmes
of the transistors ¢, Qé cen be shortened.

15 (a) When the collector potentlal of the driver transistor
Q2 rises to operate the cnarglng output tran31stor Q3 ' -’
so as $0 switch from moffw into non%, the ampllfler )
MOS FETs M and M

n13 P13 _
potential of_;he transistor Q2 end transmit the amplified

amplify the change of the collector

20 signal to the base of the transistor Q3' -Morecver, since
the gate input impedance of the MOS FET 3513 is very
3 high, a great base current is inhibited from directly
flowing from the collector of the trensistor Qé into

the baese of the transistor Q3.' Therefore, the sw1tch1ng

25 speed of the output transistor QE can be enhanced.



Mh14 which constitute a CMOS inverter serving as a voltage anplifier, and
the drain-signal of both the MOS FETs 10 ~[err] is applied to the gate
of the P-channel MOS FET [err] whi ch serves as the chargi ng out put .
transistqQr. The ratios WL of the FETs [err] are respectively set at 24/3,
22/ 3 'and 64/ 3. The propagation delay tipes and their output capaci ®ahce- 15
dep encies of such level converter 26%7in Fi gure 21 have been confirned
as follows: t (for [err] =0 pF) .... 2.02 nsec [err](for[err] = 0 pF)
4.27 nsec ...... 0. 42 nsec/ pF 20 [err]

..... 1. 32 nsec/ pF Further, the |evel converter 201 in Figure 21 can attain
desired characteri¥ni thef devele ciomvertew 2@hsafisFigauyrel RhewiCge sind t he case
of Figure 14, the input threshold voltage Vith of the | evel converter 201
can be set atQg5indicategthe tleSped ttransistyirs, (8pdThe dvtpmtesansi stor
Q for executing the discharge of the output capacitance Ferr] of the |evel
converter 201the BeRrektkyr beprisrpdinde arike el oshifh. oulpst resdisgors
tance. Therefore, the speed of a sw tching operation at_5 the di scharge of
the output caBpg? tBpgeeR@nRhpg ERGaREEP Uil probaght PokidePhysyi nes can

be short ened, -and. ihe output capacitance-dependenci es of the propagation
del ay t3 nes c%& l&%lchgxggngagi 8 giloo%ms. ﬁle collector signgl %i‘g

the driver transistor anisiapplied to both the gates
of a P-channel MOS FET Mp14 and an N-channel MOS FET
Mh14 which constitute a CMOS inverter serving as a voltage
amplifier, and the drain signal of both the MOS FETs

10 M§14, Mh14 is applied to the gzte of the P-channel MOS
FET Mb11 which serves as the charging output transistor.

The ratios W/L of the FETs M_, M;14

47 apd Mb11 are respectively

set at 24/3, 22/3 ané 64/3-‘

The propagation delay times and their output capecitance-

15 dependencies of such level converter 201 in Figure 21

heve been confirmed as follows;
toHL (for C_ = O pF) +++++ 2.02 nsec .
tpLH (for C, = O pF) +-+++* 4.27 nsec
- _ Ky, ' eeeee 0.42 nsec/pF
30 K g seee+ 1.32 nsec/pF

Further, the level converter 201 in Figure 21 can

attain desired characteristics for the following reasons:
(;Y Likewiée to the case of Figure 14, the.input threshold
voltage V.., of the level converter 201 cen be set at

25 1.09 to 1.15 volt.



(c) Likewise to the case of Figure 14, the storage tinmes 10 of the
transjstors [err] can be shortened. In the | evel converter 201 of Figure

22, % i ndi cates the clanped transistor as the discharging output
.transistor, and the cathode of the level-shifting Schottky barrier dlode D
I's connected to the input terminal INN. A P-N 15 junction diode D5 for

| evel,--shift is connected between the anode of the diode D and the base

the transistor [err] resistors [err]Jand [err] which are set at equal

resi stance val ues of 10 kil oohns are connected in series between the supply
voltage [err] and both the anodes of the3diodes D 20 and D5, and a
Schottky barrier diode [err] for discharging base charges is connected
between the input termnal IN and the base of the transistor %ﬂrr] The
junction betwdeh The ?eEPYtoEE2PELFFORNR, [ &0 axeudimitdhe tdisehargr e of

t he P-channel FEﬁLerr serv- .25 ing_as the charg,ng out put transistor,
and the ratic® ggf;%fo tpu%zcaPﬁElFE?cFng]QQSFHQ &4 /2PNVIBE ST offigat i on
oy 115 1ottt RS "98R8, 00 1 10,
Lered or Tetdhed. O fidrazoged fe"8BRep0 o Siddiiy Sfellliol L 1>

nsec/ pF Fuythgle dechgvgl SPNVRLE Bhepdt EQthQQ %éézégﬂ1be enhanced,

or the propagation delay times can be shortened, and the
output capacxtance-dependenc1es of the propagation delay
times can be lessened.
(c) Likewise to the case of Figure 14, the storage times
{9 of the transistors Q,, Q, can be shortened.
In the 1ev¢1 converter 201 of Figure 22, Q, indicates
the clamﬁed transistof as the discharging output transistor,
and the cathode of the ievéi-shifting Schottky barrier

diode D1 is connected to the input terminal IN A P-N

1-
15 junction diode D; for level shift is connected between the .

anode of the diode D1 and the base of the transistor Ql' hd

resistoré ng and R20 which are set at equal resistance
values of 10 kiloohms are connected in series between thé

.supply voltage Véc 1

20 " and Dy, and a Schottky barrier diode D¢ for discharging

and both the anodes of the diodes D

baselcharges is connected between the input terminal IN1
and the base o% the transistor Q-

The junction between the resistors ng and R20 is
connected to the gate of.the P-channel MOS FET Mpll serv-

25 ing as the charging output transistor, and the ratio W/L of



10 - attain desired characteristics for the follow ng reasons: (a) The _
forward voltage [err] of the Schottky barrier diode [err] is set at 0.35 to
0.-41 volt, the forward voltage V of the P-N junction diode D is set_at '
0.75 volt, and the base-emtter voltage VBEl of the transistor 15 éjgrr]
is 0..75 Vol t . Ther ef or e, the i nput threshold voltage Vith of ‘the |evel
corwert er 201 -f or turning "on" the tBé&nsistor [err] is set as below [err]
= 1.09 to 1:15 volt 20 (b) The output transistor for executing the:
di scharge of the output capacitance [err] is formed of the bipolar

transi stor of |ow output resistance. Therefore, the switching tinmes or the

ti del b hor t dth t put

Capaci t ance- dEBeIERh st ol 2280 %h?%ngauoﬁ del fy times can be
I d. Si th |
essened e i) A ek e R, ok o €O PBEbg Phugse-
'Eﬁrer]Scﬁ(r;?t L;r%%sprérl er "g'ilkodtegfoghgeve? la%%&ﬁ't FFZEIF ?ységéﬁﬁlgg %%ﬁg:mg R15

t kil ooh d 8 kil ooh Th
igf|éﬁfgfcs:;§%ln §HQ€?r€?#vé$O?ranS|§toL ?grrf ?2 appl:egotgsboth She
gat es og the P-channel MOS FES, obekrl ang ?—tha.n.n.e.l M £E]sd® [err]

whi ch cOnstitute the- CIKEﬁanertersserV| as the voltage anplifier, and
the drain output of botf ££e(for C_ =0 pF) --+*+.5.41 nsec
. P s _

U X eees+ 1.0 nsec/pF

KLH ecees 5.3 nsec/pF

Further, the level converter 201 in Figure 22 can
10 attain desired characteristics for the following ressons:

(a) The forward voltage Vg, of the Schottky barrier diode

D, is set at 0.35 to 0.41 volt, the forward voltage
‘&SOf the P-N junction diodg D5 is set at 0.75 volt,

end the base-emitter voltage VBE1 of the transistor

15 Q1 is 0.75 volt. Therefore, the input threshold volteage

_ Vitn

transigtor Q, is set as below:

of the level converter 201 for turning "on" the

V. ==Y + Vo + V

ith ) F5 BE1,

= 1.09 to 1.15 volt ~
.ﬁdh (b).The output transistor GH for executiné the discherge
oflthe output capacitance Cs is formed of the bipolar
transistor of low output reéistahce. Therefore, the
switching times or the propsgstion deley times can be

shortened, end the output cspacitance-dependencies of

25 the propagation delay times csn be lessened.



MOS FETs is applied to the gate of a switching P-channel MOS FET [err]

The ratios [err] of the FETs [err] and [err] are respectively set at -24/3,
32/ 3 and 64/ 3. The drain output of the MOS FET[err]is applied to the base
of the hi'polar transistor [err] which serves as the chargi ng output °
transi stor. The propagation delay tinmes and their output capacitance-

~depengdenci es of such |level convert3r in Figure 23 have 20 been
conﬁfkned as follows: [err] (for Cs = 0 pF) 5.07 nsec [err](for
[err] = 0 pF) - 5.09 nsec [err] ce 0.4 nsec/ pF
[err] .. .0.4 nsec/pF 25 Further, the |evel
‘converter 201 in Figure 23 can -34- attain desired characteristics for

the foll owdlg re&8ipone: the) trsmed skoroqt hbscébe ofl dfippd e rghsisitor pput

t hreshold voltage Vith of the | evel converter 201 can be set at 1.09 to
1.15 volt. 5its gbpragiekdiimee aan tihe shertenedi.gure 14, the switching tines
for the charge and-di scharge of the output capacitance Cs or the
propagation del ayIni kbe d#Vede epmverten, 2@hdofhFigmneue3, G, and

capaci t ance- dependenci es of the prqga ation delay tinmes can be | essened. 10
(c) Likew seQpoinfiécekse the mlpmredtraneisterage enidmdy gmdiretednsi stors

[err]_can be shortened. (d) Wien the col | ector potential of _ the driver
trans?st or the Schottky barrier diode for level shift. The resistors

Rygr Ryy and Rys are respectively set at 5 kiloohms,
20 kiloohms and 8 kiloohms. The collector signel of
the driver transistor Q2 is applied;to both the gsates
of the P-channel MOS FET Mp14 eand N-channel MCS FET
10 Mh14'which constitute the CMOS inverter serving es the
' voltage amplifier, and the drein output of both the
MOS FETs is applied to the gate of a switéhing P-channel
-MOS FET Mp15' The ratios W7L of the FETs Mp14, Mh14
and M§15 are respectively set at 24/3, 32/3 and 64/3.
15 | The drain output of the MOS FET Mb15 is epplied
to the base of the bipolar transistor c;_3 which serves Q;
as the,charging output transistor. )
The propagetion delsy times and their output capacitance-

dependencies of such level converter in Figure 23 have

20 _been confirmed as follows:
tpEL (for ¢_ = 0 PF) ceeese 5.07 ngec
i tpLH;(for C, = 0 pF) *++++ 5.09 nsec )
K »s+«+ 0.4 nsec/pF
Kin ' cevee 0.4 nsec/pF

25 Further, the level converéer 201 in Figure 23 can



ferr]. rises to operate the charging output transistor so as to switch from
"off" into "on", the CMOS inverter 15 Merr] anplifies the change of
the collector potential of the transistor 2 and transmts the anplified
8ignal to the base of the transistor [err] Moreover, since the gate idgut

| npedances of the-MOSSFETs [ERR] are very high, a great base current is

I Ny %Ied fromdirectly 20 fl ow ng-34-om t he col l ector of the transistor
@ into the base of the transistor . Therefore, the switching speed of the
out put transistor can be enhanced. - The level converter 201 of
Figure 24 differs fromthat.of Figure 23 only in that the resistor of 10
kil oohns 25 R18 for discharging the base charges of the charging - 35-

out put transightain dd=iradneitirac berieei cishedrasshatbEIowint péasdies:
transistor [err]. Regarding such |evel converter 201 in Figure 24, the
propagati on ggl alikiewdsseanto ttiee rcasepof Figamid dice-thepeimputi tirasheldeen
5 confirnmed as follows: [err] (for [err] = 0 pF) 6.2 nsec tpL
(for [err] =vwblimEge V..., 4.6f ntke level. ¢onyeq/fer [20T]can be sel at

0.4 nsec/pF 10 . Eanther, the | evel converter 201 in Figure 24 can
attain desirdd0Shadoadterd swdks. for reasons simlar to those in the case of

Figure 23. The level converter 204 of Figure 25 differs from _ .
(b) Likewise to the case of Figure 14, the switching

times for the charge aﬁd discharge of the output capacitance
~— Cs or the propagation delay times can be éhortened, and

the output capacitance-dependencies of the propeagation

delay times can be lessened.

10 (c) Likewise to the case of Figure 14, the storage times
'.of the transistors Q1, Q2 can be-shortened. ' o
(d) When the collector potential of the driver transistor

'Qémfises to operate the charging output transistor Qs
so as to switch from‘“off" into "on®, the CMOS inverter

15 M ,, amplifies the change of the collector potential

‘M§14’ _
W, of the transistor Q2 and transmits the amplified signal
| to the ibase of the transistor Q3. Moreover, since tﬁe
gate input impedances of the MOUSFETs M514, Mn14 are
~very high, a great base current is inhibited'from directly
20" flowing from the collector of the transist;r Q2 into
" the bas; of the transistor QS' ‘Therefore, the switching
. speed of the oufﬁut trensistor Q_3 c#n be enhanced.
The level converter 201 of Figure 24 differs from
that of Figure 23 only in that the resistor of 10 kiloonms

25 for discherging the base charges of the charging

Ryg



that 'of Figure 24 only in that the resistor RLO of the 15 base charge
di scharging circuit of the di'scharging output transistor

[err]is repl.aced

wi'th ap active pull-down circuit which is constructed of a resistor of 1.5
kil ooB® R19, a resistor of 3 kiloohms R20 and a cl anped transistor and that

a Schottky barrier diode D for discharging 20
g output transistor [err] is connected between the base of the

char

transi stor Q and the collector of the3¥ransistor @. Regarding such
arrangenment of Figure 25, ‘the propagation delay tinmes and their output
capaci t ance- dependenci es have been 25 confirmed as follows: - 36-

[err] (for

[err]

0.4 nsec/PF 5_, E rthy, the | evel converter 201 in Figure 25 can
attain desir BBLERET a@ferbe: | TrstRBsBys sRABREALPE BMe¥e leveahe case of
Fi gure 23. |

24 only in tR8RVEREeH; &€larl Fg &8RS £
sanme active
Fi gure 25.

times
follo

10

15

20

25

- which is constructed of a resistor of 1.5 kiloohm R

Cs =0,pF) .... 6.
outputp;;gnsistorcgﬂ_h%e%¢%pegﬁpﬁ between the base .and.. ..

t he base charges of the -~

o

6.6 nsec tpLH (for [err]=0 pF) ..... 5.3 nsec

The | evel _cgnver.ter_.201 of gigﬁée 26 differs fromthat of Figure
.r

© Propggatipy dediafccimds h t he

B4, SFREP BB sRbarii At Mok iBacksia den of del ay

gnd thg&ﬁffgﬁggtaga?gihggggg-dependencies have been confirned as
WS ' R

épHL (for cg =0 pF) *°-++ 6.2 nsec
tpLH (for C, = O pF) +++++ 4.9 nsec
KHﬁ | cesee 0.4 nsec/pF
KLH *++++ 0.4 nsec/pF

Further, the level converter 201 in Figure 24 can

' attain desired characteristics for reasons simiisr to

those in the case of Figure 23.
The level converter 204 of Figure 25 differs from

that of Figure 24 only in that the resistor R,. of the

10

.base charge discharging circuit of the discharging output

Arensistor Q1 is replsced with an sctive pull-down circuit

19?
e resistor of 3 kiloohms RZO and a clamped transistor

Qg» and that a Schottky barrier diode D, for discharging
the.ba;e charges of the charging output transistor QB

is connected between the bage of the transistor QB and
the collector of the transistor Q2. 'Regarding such
errangement of Figure 25, the propagation délay times
ana their output capacitance-dependencies have been

confirmed as follows:



15 = - [err] (for [err] = 0 pF) 8.62 nsec [err] (for [err]
=0PF) ... 4.7 nsec [err] ..., 0.4 nsec/pF [err]

.. .. 0.4 nsec/pF Further, the |level converter 201 in Figure 26 can 20
attain desired characteristics for reasons sinilar to those in tjhe case of
Figure 23. The |evel converter 201 shown in Fig. 27, includes: ﬁrpolar
transfstors [err] and [err] which are-Béspectively the di schar gi ng out put
transi stor, driver transistor 25 and chargi ng output transistor, a
Schot t ky barrier -37- diode D1 for level shift; a P-N junction diode D8;
resistors Rl4 R16, R21 and22 having val ues of resistance of 20 kil oohns, 8

kil oohns, 10 kil oohns ns I, tjvel P-channel MOS FET
[err]and an N channel NgﬁHE %%F% &h Fncf C|rcu¥t6b t%sf e ratios WL of
the two FETs [err] and err] 2be get afg .yglyﬁ% 9 In the
circuit shown in Fig. 2 LHh transi stors [err] cons itute an
anplifier of 10 t he -CMOS inverter type of ;gg%%%e5|stance.
The propagation delay ti s and their out put capaci denci es of

(for Terr] =0 pR) - Rag ae’hsec 15 bee“'c"’”'é?dn??féf*" it
----- B. 23 NS€C ' pypther, the level converter 201 in Figure 25 can
attain desired characteristics for reasons similer to
o those in the case of Figure 23.
| The level converter 201 of Figure 26 differs from
that of Figure 24 only in that the discharging resistor

10 R,~ is replaced with the same active pull-down circuit

10
. ae the zctive pull-down circuit R19, RZO’ Q6 in Figure 25;
-Regarding such arrangement of Figure 26, the propagation

delay times and theif.output capacitance-dependencies

have been confirmed as follows:

15 ° | tog, (for C = 0 pF) r-+-- 8.62 nsec ‘
(U tpLH (for Cs = 0 pP) *++++ 4.7 nsec
v Egp seee+ 0.4 nsec/pF .
| KLH . ----7-0.4 nsec/pF

Further, the level converter 201;;n Fﬁgure 26 can
20 attain desired characteristics for ressons similar to
those in the case of Figure 23.
‘ The level converter 201 shoﬁn iﬁ'Fig. 27, includes:
bipolar transistors Ql' Qéfané Q3 which are respectivelf
the discharging output transistor, driver transistor -

25 and charging output transistor, a Schottky barrier



KHL

0. 38 nsec/ pF Furt
charﬁgéeristics f
of the®Schottky b
base-em tter volt

e 0. 37 nsec/ pF KLH ' e

her, the level converter 201 in Fig. 27 can attain desired
or reasons 20 stated below. (a) the forward vol tage VFI

arrier diode D is set at. 0.35 to 0.41 volt, the
age VBE2 of the transisto

forward voltage VF8 of the P-N junction 255&Tode D8 at 0.75 volt.

Therefore, the in
concerning the on
follows: Vith = -
transistors [err]
capaci tance [err]
resi stances. Ther
t he propagation d
capaci t ance- depen
| essened. (ck Sin

Rflad s habe YoldpamMLh of pLRC AGKRL ORELCH 201

-0 operation o transi st or

sl st offER + VAR = 1R09 40a1r15 wuakti ngPlalfesoput

at 0.75 volt, and the \‘)

err IS set as

for executi¥y theé’5 21 charglé2or di séharge of the output

e Srded of idec Dl FGh@E , t BaRST SbBRS 010 RW 1Rt
efore, the switching operation speeds can be enhanced or

amly 10 reslashimdersdpateied]l yand rhehaninedt MOS FET
denci es of the propagation 10 del ay tines can be
fguaandﬂaﬁsﬂfnhadmﬂl]MoarEETthgkanpéw tuhassicdtrong t

their storage times can be shortened. (d) Since the change of the collector

potential of the

10,

15

20

25

datrerthe arstsedrivflered | shanbwpf FETsaMd, hemd Mapgni tt ed

are set at equal values of 32/3.

In the circuit shown in Fig. 27, the transistors .

Mp16' Mn16’ Q1 and Q3 constitute an amplifier of
the quasi-CMOS inverter type of low output resistance.
The propagation delay times and their output

capacitance-dependencies of such level converter

201 in Fig. 27 have been confi:med as follows:

tpHL (for Cs = 0 pF) ..... 5.48 nsec
tpLH (for Cg = 9 pF) e 5.23 nsec
Ky, ' eeses 0.37 nsec/pF
Krg ' fme eesas '0.38 nsec/pF

Further, the levei converter 201 in Fig.
27 can attain desired characteristics for reasons
stated below.
(a) the forward voltage Vfl of the Sphéttky barrier

diode D, is set at 0.35 to 0.41 volt, the base-emitter

1

voltage V of the transistor Q2 at 0.75 wvolt,

BE2

and the forward voltage VF8 of the P-N:junction
diode D8 at 0.75 volt. Therefore, the input threshold
voltage Vith of the level converter 201 concerning

the. on-off

-

L4



t‘'o the output end by the quasi-CM3S inverter [err] the changing speed of an
out put wavef orm can be enhanced. The |evel converter 201 of Figure 28
differs fromthat of Figure 27 only in that the collector |oad:of ﬁbﬁ t he
transistor Q2 is not forned of the resistor [err] but is formed of P-N*
jungtizon, diodes [err] and a resistor of 5 kiloohnms [err]. The propagation

del &y’ 4i mes and their output capacitancefﬁgﬁéndencies of such | evel

converter in Figure 28 have been confirned as follows: 25

[err] (for C s 0 pF ..... 6. 66 nsec -39- [err] (for [err] =0 pF)
4.16 nsec [err] ... 0.42 nsec/ pF [err]

... 0.37 BSerlpEoBUGIehe Wiad SELofOBYeLLeEe20ks! RohGHS 28 can 5
attain desiredﬁcﬁaragter?gtgés:%% reasonsQ%ingla? tostzose in the case of
Figure 27. The level cofverter 2Ql of FRygure,29 differs fromthat of Figure
23 only in the point of &&Rnectind *he Pgﬁ?junc?gon di ode D3 for reliably
turning "off" the 10 traasifsiow € fnNfsivolbe point of connecting the
Schottky 3 barrier -diode [err] for discharging the base charges of the
transi stor (B(b) Regerdusgututireheiait @eaVvgl | e, 208ri exkegtiag?dhet he
propagation delay tines and their output c pac?tance-dependencies have been
confirnrgd charge or discharge of the output capacitance Cs are
formed of the bipoler transistors of low output resistances.
s Therefore, the switching operation speeds can be enhsnced
or the propagation delay times can be shortened, and
the output capacitance-dependencies of the propagation
10  delay times can be lessened.
(c) Since the transistors QH’ Q2 are the clamped_transistors,
their storage times can be shortened. -
~ (d) since the change of the, collector potentiél of the
driver transistor C, is amplified and then transmitted
15 to the output end by the quasi-CMCS inverter Mb16’ Hn16’
Q3’ Q1, the changing speed of an output waveform can
be enhgnced.
‘The level converter 201 of Figure 28 differs from
that of Figure 27 only in that the collector losd of
. the trensistor Q, is not formed of -the resistor Ryg» bDut
is formed of P-N junction diodes Dg, Do and a resistor

of 5 kiloohms R The propégation delay times and

23°
their output capacitance-dependencies of such level
converter in Figure 28 have been confirmed as follows:

25 . tpHL (for C, = 0 pF) secee 6.66 nsec



15
PF) ..

.- 0.29 n

as follows: tp
... b.44 nsec
%/ pF 20

HL (for [err] =0 pF) .. 1.72 nsec [err] (for Cs =0
Kk . 0. 32 nsec/pF [err]-
Further, the level converter 201 in Figure 29 can

attain desired characteristics for reasons simlar to those in the case of

Figure 23. The | evel
29 only in that the resistor R14 in Hipwe 29 25 I's substituted by a

resi stor of 25 kil ooh

that t

he resistor R15

converter 201 of Figure 30 differs fromthat of Figure

ms R and -40- a resistor of 5 kiloohns R25, and
is substituted by a P-channel MOS FET [err] whose

ratio WL is set at 24/3.- Since the FET M operates pl7 as the active

| oad el ement of the tranS|stor Q@ 5 the voltage gain of the anmplifier Q

[err] becomes a very If?{ (£oneC Reg@rmFr)g such® 4rbhgeseat of Fig. 30,
mes a

t he pr

opagati on del ay

nd t eir output capaC|tance dependenC|es have

been confirmed as fol Fays: t (for C 0 p’lf)" 0 A2 reec

pHL

10

15

20

25

s tpLH (for
0.4 nsect/pF KL

err] =0 pF ..... . nsec K

: B “tmwpp

Further, the level converter 201 in Figure 28 cen

atfain desired characteristics for reasons similar to

| those in the case of Figure 27.

The level converter 201 of Figure 29 differs from

that of Figure 23 only in the point of connecting the

P-N junction diode D3 for reliably turning "off" the

transistor QB and in the point'of connecting the Schottky

' barrier diode D7 for discharging the base charges of

the transistor Qél Regarding such level converter 201

in Figure

29, the propagatidn delay times end their

output capacitance-dependencies hsave been confirmed

es follows:

attain des

(for c

pHL 0 pF) eeees 1,72 nsec . Q;

pLH (for Cs

O pPF) +<+++ 5.44 nsec
KHL ese++ 0.32 nsec/pF
K g ' ***+* 0.29 nsec/pF

Further, the level converter 201 in Fﬁgure 29 can

ired characteristics for ressons similar to

those in the csse of Figure 23.

The 1
that of Fi

is substit

evel converter 201 of Figure 30 differs from

gure 29 only in that the resistor R,, in Figure 29

14
uted by a resistor of 25 kiloonms R24 and



Further, the level converter 201 in Fig. 30 15 can attain desiréd
character.istics for reasons simlar to those in the case of Fig. 23. The
| evel . converter 201 shown in Fig. 31, includes: transistors [err] and [err]
whi ch are clanped transistors; a transistor B which is the charging 20
output ‘transistor; a transistor Q4 which is a P-N-P enitter follower

tor; a- dlode DL which is a Schottky=Bflrrier diode for level shift; a

d| ode D2 whi ch |ds ga P;i:é\lsi#i‘tfﬁ I%P Sjl)@_ﬁﬁgé}qﬁs|ﬁ g f?af thag dhedeePBswbich is
aP—NJunctlon lode foy relia turnj "of f . nsi st or

di ode D which is a Bchot¥I§” tE)%\‘r’r‘%/ eqjl R f l&?ﬁﬂﬁ} 813% %&g %pﬂ% a%fhe

| nput term nal; re&rasﬁmsw,{’Ierré satd aR2624M’13ch gbsret aheeFE] Mgg apperates

respectively set at, ¢ 103d%1 %&Loemhgnqrgqs@s@gh The

col | ector signal of® he drlver ransi err]rs applie bot h ?he gates
of the P-chanBel M heEoMage grim-ahdirel anebi FEFrwRiahMegrsPPEaRest fe

CM3S i nverter servipgas)4fge Syalyeol tm@aﬁaphgfg%h QE‘i"aTn mdhai geout put
of which is applied to the gate of the swtchi

The ratios WL of thig- [%Qr]t%d’%ﬁ’%ag%%’p%tﬁi?ggy §éf"eét a?ﬁ’yogeéﬁ/ %LEHBL

64/ 3. The drain out@apaeitihece MEpdidedeies havappeeadcoaftirmeliaas of 10
t he bi pol_ar transi s%ghggs.servi ng as the chargi ng out put

(for Cg = 0 pF) ..... 2.2. nsec

10 pHL

pLH (for Cg, = 0 pF) ..... 5.2 nsec

t
t
Kyr, ... 0.4 nsect/pF
K

LR e 0.3 nsect/pF

Further, the level converter 201 in Fig. 30
-, 15 can attain desired characteristics for reasons similar
" to those in the case of Fig. 23.

The level converter 201 shown in Fig. 31,
includes: transistors ‘Ql and Q2 which are clamped
transistors; a transistor Q3 which is the charglng

20 output transistor; a transistor Q4 which is a P-N-P
emitter follower transistor; a diode D1 which is
a Schottky barrier diode for level shift; a diode
Dz_which is a P-N junction diode for level shift;
a diode D3 which is a P-N junction diode for reliably
25 turning "off" the transistor Q3; a diode D8 which
is a Schottky barrier diode for clamplng minus
noise at the input terminal; re51stors Rlo' R15
‘~and R26
set at 5 kiloohms,

which resistance values are respectively



transi stor. The propagation delay tinmes and their output capacitance-
dependenci es of such | evel converter 201 in Figure 31 have been confi-.rmed

ag. follows: 15 tpEL (for [err] = 0 pF) *.. 1.94 - 3.84 nsec
t 9<& (for [err] =0 pF) 4.64 - 5.44 nsec ... 0.38 nsec/pF [err]

..... " 0.30 nsec/pF Further, the level converter 201 in Figure 31 can 20~
attain. desired characteristics for readdns stated bel ow. (a) The forward \./
voltage [err] of the Schottky barrier diode [err]is 0.35 to 0.41 volt, the
forward voltage [err]. of the P-N junction diode D2 is approximately 0.75
volt, and the base-emtter voltages [err] and VBE4 of 25 t he respective

transi stors g er | ] Xin I -4@% : _
63 0.75 volp.ﬁ?ﬁéP§&l%ﬁgér%Pﬁﬁgﬁgg_ résﬂg%' &a%%ﬁﬁa |t%1§Pa%thh t he
transi stors rrsl,s t : o PR Rec ifed sy =
1.5 volt (bfh$th3§H%né%é§§g?§€€r§2[ggf?pggﬁégdxnn|$é?t %edFSPegharge or

charge of thg @ teplft.c%él}f&éi WGE FRI M area},Pr TR nd P ﬁggoggfsm t chi ng

transi stors of Fbwpout resistances. PTRerefore, the speeds

operations gan b%h%%kﬁ@mﬁﬁétéﬁepgﬁéégihiv@}ﬂﬁl aYetvi®s £3Nthe
short ened, amd 4t he out put capaci t ance- dependenci es of the propagati on del ay
tines gan beohgageN@splifier, and the drain output of which is
applied to the gate of the switching P-channel MOS FET
Mb15. The ratios W/L of the FETs Mb14, Mn14 and Mb15 \J
are respectively set at 24/3, 32/3 and 64/3. The drain
output of the MOS FET M?15 is applied to the base of
10 the bipolar transistor Q,3 serving as the charging output
transistor.
The propagation delay times and their output capacitance-
depehdéncies of such level gonverter 201 in Figure 31

have been confirmed es follows:

15 tpHL (for Cg = O PF) <e«es+ 1.94 - 3.84 nsec
| tpLH (for c, =0 PF) sees 4.64 - 5.44 nsec
v Ky ' .eseee 0.38 nsec/pF °
K u cess+ 0.30 nsec/pF

Further, the level converter 201 in Fﬁgure 31 can

26 sttain desireﬁ characteristics for reasons stated below.

(a) The forward voltage VF1 of the Schottky barrier

1 is 0.35 to 0.41 volt, the forwsrd voltsage VFZ-

of the P-N junction diode D, is approximately 0.75 volt,

and the base-emitter voltages V

. diode D

BE1’ VBE2

25 the respective transistors Q&, Q2 end Q4 gre approximately

and VBE4 of



{c) Since the transistors [err] are the clanped tran- sistors, their
storage t.ines can be shortened. - 15 (d) Wen the collector potential of
the driver transistor @ rises to operate the chargi ng bi pol ar out put
transistor Qto switch from"off" into "on", the CMOS inverter M[err]
anpllfles t he change of the collector potentlal of the transistor CQ and
' transells ‘the-anplified signal to 20 the base of -the tranS|stor 6

Mor eo t he gate input inpedances of the,MXS FETs are @%ry
hi gh and n14 inhibit the direct flow of a great base current fromthe
collector of the transistor Qinto the base of the tran- sistor [err] and a

base current | stDRJdﬁd t%ﬁé&ee@éé@ ofn@5ihPEt! EAPEEALPA {ISﬁ.'f:]ag'éthou h the

Iom/C»+reS|stance 4h3. of
the FET M Thml%frpr&e tﬂeamsséwgosEegd 8tel ehithelheogut w.-omes
transi stor can be enhanced Figure 3 wé with dot-and-dash |ines the
out put capacit gy eoldefwendenci es of the propagation delay tinmes of the

| evel 5 converters illustrated in Figures 14, 19, 22 and 31. It is

under stood that the outpuulc a@|+am§§ depe €gemcy ? elvpﬁi of the first
and second propagation deI I mes ?np now be expl ai ned
the plurality of CMOS - TTL 10 = llﬁvw¢1tonverters 221, 222, ..... 22m of
t he out put buffer .
(b) The output tran51stors Ql' Q3 for executing the dis-
kf charge or charge of the output capacitance Cs are formed
of the bipolar transistors of low output resistances.
Therefore, the speeds of switching operations can be
10 enhanced or the propagation delay times can be shortened,
.. and the output capacitance-dependencies of the propagation
delay times can be lessened.

(c) Since the transistors 91, Q2 are the clamped tran-

sistors, their storage times can be shortened.

fow
(93]

(d) when the collector potential of the driver transistor

Pl

Q, rises to operate the charging bipolar output transistor
Q3 to switch from "off" into "on", the CMOS inverter Mo14'

Moy amplifies the chanée of the collector potential of
the transistor Q, and transmits the amplified signal to

- 20 the base of -the transistor QB' Moreover; the gate input .
impedances of the MOS FETs Mo14 ¥n14 are.very high and
inhibit the direct flow of a great base current from the
collector of ﬁhe transistor Q2 into the base of the tran-

sistor Q3, and a base current is supplied to the base of

25 the transistor Q through the low ON-resistance



22 in Figure 6. The essential features of these |evel converters 221, 222,

..... 22m are as stated below. (a) The input threshold vollage Vith of each

of the | evel converters 221, 222, 22mis set between 15 a CMOS
| ow | @vel output voltage of 0.6 volt and high | evel output voltage of. 4.4

_ Bgﬁlts; (b) An output transistor, which executes the discharge of the

)
tput |oad capacitance [err] of each of _jhe I evel converters 221, 222, o/
....... 22min response to an input 20 Signal supplied to the input
termnal thereof, is formed of -a bipolar transistor. Further, neritorious
features in preferable aspects of performance of the |evel converters 221,

222, o 30 Ohe UpRTOM PUL DUELSIo B2 8T eeRs S1AYRMRG QoD or () A TN

i nput i npedancé CitCui tpit§ coninecte ou of the

i nternal | ogy 4+ 2 s e andr| ransi st ergy] for
driving theg%gsgﬁg“?gg_ ﬁlrgg é%gf’ﬁg%t%%’t’ ??ahé?gpgrea['err%?%{ugge %e hi gh
| nput | MPedgRges ui 4! BoklahfRad 1A E8 L0 ButpuldsbiRsiumpdd on of
| ogi cal I'y processing a plurality of output signalS fronfthe internal |ogic
block 21. (gdpdh&eslt $65369 RAOBIILad4 065 SO alyetikRR] oG HY iNe 1
transistor [errJare formed of Clanped transistors provided with SchottKky
barri ey di ogesvedfets)ifMuatrited riaSFsgorebeny], A0, obargiargt.he output
| oad capacitance [err] is formed of & bipolar transistor.

It is understood that the'output capacitance-dependency

of either of the first and second proPagatioﬁ delay o

times is improved;
There will now be explained the plurslity of CMOS - TTL
10 level converters 221, 222, <--+* 22m of the output buffer
22 in Figure 6. The essential features of these level
converters 221, 222, +-+- 22m ere as stated below.

(a) The input threshold volgage V, of each of the

th
level convefters 221, 222, **°*** 22m is set between

15 -__a CMOS low level output voltage of 0.6 volt and high
level output voltage of 4.4 volts. |
(b) An ,output transistor, which executes the discharge
of the eutput load capacitence Cx of each of the level

| converters 221, 222, *°*+* 22m in'response_to an input
20F' . signal supplied to the input terminal thereof, is formed
: of-a'bibolar transistor.

3 ' Further, meritorious feetures in preferable aspects

of'performance of the level cénverters 221, 222, *c*-°-

22m of the output buffer 22 are ss ststed below.

25 (c) A high input impedance circuit is connected between

»



(b) The | evel converter has the function of sinultaneously turning:.off"
t he di scharging output transistor [err] and the chargi ng output tFMahsistor

2,i'n response to 15 a control signal, thereby to control the
correspéndi ng output termnal, e. g., OQUI into a floating state. (h)
Thel;evel converters 221, 222,...... 22m are of the open collector output

forﬁF%F#gures 32 to 34 and Figure 36 show vdrdi-ous exanpl es of 20 circuits
of the level converter 221 of the output buffer 22 according to enbodi nents
of the present invention. Al these |evel converters have the essenti al
features of the above itens (a) and (b). Further, these | evel converters
have at | east, ,one e; jtorious features of, the bpove [tens (c)
to (h). il ﬁu(e)gq"liege??g%hSeinfrﬁﬁ éﬁ&hﬁ ?’r}%nb.ggze,m?na’ﬁdbisean

out put transisfo (o] g, t 0 . C L tapce [err] a
driver t ransioglt oJr eﬂ%p ?g%'ﬁ%?lg\%lg%g&ﬂ ne??f'alrétsriqg{lc#ré)[aéeg? f@%%e oggpgt

transistor 5 ﬁgﬂa;%%gr‘g%%@g EP&?EEEHE gad capacitance [err]; and a

current anmplitying t or trand@®i'ttig the collector signal

change of thedy aisd High Qhphe iREeB8ABOLiRYUIY WS HOTbEVE] 1tBRS| g OrS

R30 and R together with the transistor Q constitute 10 an active
pul | - down ci ngdd ttHerfith SE6MH I N0168€chR3 S 95‘%&:&%53134% thepiapasi gyor Q0.

The circuit also includes a nulti-emtter transistor [err]a
of qutpu? signals from the internsl logic block 21.
~— (e) The discharging output transistor CHO end the driver
transistor Qa1 are formed of clamped-trangistors provided
with Schottky barrier diodes. | '
10 (f) An output trznsistor Q12 for chafging the output
'lgad caﬁacitance Cx is férmed of a bipolar transistor.
(g) The level converter has the function of simultaneously
turning "off" the discharging putpuf transistor Q10
end the charging output transisfor Caé in response to
15 a control signal, thereby to control the corresponding
\ output terminal, e. g., OUT1 into a floating state.
(h) The, level converters 221, 222, <*-°°** 22m are of °
the Opeﬁ collector output form. |
o Figures 32 to 34 and Figure 36 show ?érious examples of
:26: circuits of the level converter 221 of fhézoutput buffer
22 accofding to embodimenfs of the present invention. 2l1
3 these level cgnierters have fhe eséential features of the
above items (a) and (b). Further, these level convqrtefs

have at least one of the meritorious features of the

25 . gbove items (c) to jh).



collector resistor R32 of the transistor [err]; a resistor R33 for
di schargi ng the base charges of 15 the transistor [err]; a Schottky barrier

diode [err] for discharging the base charges of the transistor Ql2; a ,

. resbRor R34 for limting the collector currents of the transistors Q2 and
[err]'! .and a base resistor R35 of the transistor Q5. 20 " Further, t&;
out put of the CMOS NAND gate 211 of the internal |ogic block 21; this ga

belnb conposed of P-channel MOS FETs [errT4&md N-channel MOS FETs [err] is
applied to the first enitiws Dévéheconbeiteni bber sheansiat eigQl32,t he

tput 25 of th te 21 lied,t d tt f th
'?lrjalrcl)gl storo[err]e N%r\liees atﬁrgu? %‘? ?hgg%\’/lﬁé’sﬁﬂ%D&ggt 8%2 1?%%&%@3 to ©
the third en1tteruﬁetdutputu%oado¢a@ec1tanc§hé LeaeﬂrauaremtamSZEtor
accordingly has, npt iy &4eMed R@VE%Lkﬁgf)tor fHH%hQ?quﬁ‘Era%'s%]%t%r :

| ogi cal processing lﬂunct i on as a 3- 10I(/breover
converter 221 Pn mﬁﬂﬂﬁpﬁthﬁwgkmgathedégtpéﬁ ﬁaﬂaéﬁéﬁpstﬁ@§q(ﬁ ir easons

stated below. 5 apd @) J&f&@@@eaﬁﬁiifﬁin&ohkéﬂglyfor 0 Eo&hQﬂHﬁﬁﬁﬁﬁﬂﬁa

BE15 [err] is_ approxi matel 75 Vol base-co| | ect 82 voltage [err] of
the transistor [ertg & ‘b’i‘?’ﬁa?b‘ﬂ’;’/ab €§aOSFt° aﬁBet ﬁEaﬁééét@ﬁ har
vol t ages V &yl the basd défiethe transistor Q,,- Resistors R,

and R3q together with the transistor Q14_constitute

10 an active pull-down circuit for discharging the
base charges of fhe transistor'Qlo. ‘The circuit
also includes a multi-emitter transistor le; a
collector resistor R32 of the transistor Qll’ a
resistor R33 for discharging the base charges of

15 the transistor Q,,: a Schottky barrier diode D,,
for discharging the base charges of the transistor
012; a resistor R34 for limiting the collector
currents of the transistors le and 013' and a base

. resistor R35 of the txansistor le.

20 Further, the output of the CMOS NAND gate
211 of the internal logic block 21; this gate being
composed of P-channel MOS FETs M,, M, and N-channel
MOS FETs M3, My, is applied to the first emitter
of the multi=emitter transistor Q57 the output

25 of the CMOS.NAND gate 212 is applied to the second
emitter of the transistor le; and the output of
the CMOS+NAND gate 213 is applied to the third emitter
of the transistor Q,.. The level converter 221
accordlngly has, not only a level converting



respective transistors [err] and [err] are approximately 10 0.75 volt.
Therefore; the input threshold voltage [err] of the level converter 221 is
set as follows: = - 0.75 + 0.55 + 0.75 + 0.75 = 1.3 volt 15 (b) The
output'TranS|stors [err] which execute the discharge or charge of the .‘*ﬁ
out put | oad capaci‘tance Cx of thelevel converter 221, are forned of the

bi pbkar transistors of |ow output resistantes. Therefore t he speeds of
swi tchi ng operations can be enhanced or the 20 propagati on delay tines
can be shortened, and the output capacitance-dependencies of the

pr opagati on delay times can be |l essened. (c) Since the transistors [err]
are the clanmped transistors, their_storage tines can 25 be shortened.
-47- (d) Si ndd0ed Ol puterik3re t 1aB3rsdoprocessing fuRC iR &Y

processi ng funcgti,on, .t he desi versatility of the |ogic sem conductor
i nt egr at ed c@réUPPPPé SN, eﬁék&ter slice type or the gate array type is

enhanced. 5 such .l ev. converter 221 Fi e 32 wever,
when the out put o#°?ﬁ8vﬁ%%%[fﬁ‘éfg SoRVEStET &1 ‘163/%t ar ge
current of 0.4 m.|Lianpere.conjinues t fro the S vol t CC to
Che out put e fi%0r ERITCHSS TR THFEe SPerARYaSE Lore Fardthey S R Lo befeow
5 (a) The base-emitter voltage VBE15 of the trensistor
CHS is approximstely 0.75 volt, the base-collector voltage
o ) < . ' . .
VBC15 of the transistor Q15 is epproximately 0.55 volt,
and the base-emitter voltages Vgp,, and V;Ef1 of the
- respective transistors Q1O and QH1 ere gpproximately
10 0.75 volt. Therefore, the input threshold voltage
V:iy, of the level converter 221 is set as follows:

-V + V + V.

BE15 * VBcis * VBEi1
— 0.75 + 0855 + 0.75 + 0.75

1.3 volt

Vith = BE10

15 (b) The output transistors QHO’ QHZ’ wnich execute the
W, discharge or charge of the output load cazpacitance Cz
of the ;Jevel converter 221, are formed of the bipolar
transistors of low output fesistances. Therefore, the
. speeds of switching operations cen be enhanced or the
20-' propegation delay times cen be shortened, end fhe output
.capacitence-dependencies of the propagation delay times
v can be lessened. -
(c) Since the transistors Q10, Q4 Y3r Sy ‘end Q“I-S
ere the clamped tran31stors, their storage times can

25 be shortened.



10 -. well as the base-emtter junction of the transistor Therefore, the
ratios WL of the N-channel MOS FETs [err] of the CMOS NAND gate 211 nust

be sef at large values of 100/3 so as.to |lower ON-resistances RON. This
iruik%flomering in the density of integration ON* 15 of the integrated *
circuit-1C. Mreover, frominvestiga- tions we have di scovered -

t hat .~ since the gate capaci- tances-df7-both the MOS FETs MB and f{err] "/

i ncrease, the switching speed of the CMCS-NAND gate 211 is reduced. Figure

33 shows a circuit diagramof the |evel 20 converter 221 which has been
devel oped in order to solve the problens descri bed above, and in which the

pedance o PLuiSiRas e BRAFhEAmSSHSn TRARASd FOT  6; 51 BaPCED. 180RSAI oh
or) e e sying, Ewetion: orPELa e SStent ey BEc pber Rpear i o1

inl udes a ComtesEand Bk HifkFenEret. st af ot B8 weatFE ETies, s

i oh served TS Sani 4ne kY ERPH Y Whteedt R Fioating state

The bgse of the ReNdudi ansyet oboplErtbrobAiNicr LA 55] CHbkelgrdri ven

by the enabl e signal
. when the output of the CMOS-NAND gate 211 is st its

" low level, &large o2urrent of 0.4 milliampere continues o’

to flow from the supply voltage V to the output end

cC

of the CMOS-NAND gate 211 through the resistor R35 as

10 well as the base-emitter jqnction of the transistor
Q15. Therefore, the ratios W/L of the N-chesnnel MOS
FETs M3, M, of the CMOS-NAND gate 211 must be set at
lafgé values of 100/3 SO assto lower ON-resistances

R

oN* This incurs }owering in the density of integretion
15 of the integrated circuit IC. _Moreover, from invéséiga—
tions we have discovered - ° " that, since the.gate capaci- ﬂi:

tances,of both the MOS FETs M3 and M4 increase,- the’
switching speed of the CMCS.NAND gate 211 is reduced.
Figure 33 shows a circuit diagram of_the level
éb:;. ~converter 221 which has been developed inibrder to soive
| "the problems described ebove, and in which the multi-emitter
s trensistor Q15 in Figure 32 is substituted by the high )
input impedance circuit to be explained beiow.
Referring to Figure 33, such high input impedance

25 circuit is constructed of P-N-P input transistors.q17, Q8>



0 ° inverter 21L in the internal logic block 21, this inverter being
conposed of a P-channel MOS FET M and an N-channel 5 MOS FFT [err]. The
|nput -0f..such CMOS inverter 21t is supplied with the inverted enable S|gnal
Further, since this control circuit has been added 15 to the |éM£|
converter 221, a P-N-P input transistor and a Schottky barrier diode D13
areNafs0 added to the aforenenti oned~Afgh input inpedance circuit.
Accordi ngly, when the enabl e signal EN becones its |ow |level, the
transistors [err]and. 20 of the level converter 221 turn "off " at the .
sane time, so that the output termnal QOUT falls into the floating state.

On the ot herghaﬂdp-nhe&itmxemleo@ézgnw-ambeﬁﬁrrtﬁpl ot Schict el nritdie

| evel converter .221 simlarly has 25 a | ogi cal ocessi ng functlon as a

2-input NAli Bigaes, D, , ,- snd heésimﬂb?sm?,ﬂ at Rgst.y of the
I ntegrated circuit €V E éﬁhanced Furt her e vol tages [err]

of the respecti vepﬁnbhbtrlsy tihrer rllafeltlldniﬁsexf‘eér]zm 1ncaude@s. 3D dan tholl
volt, the base-emtter voltages VBE1l7, [err]of the respective P-N-P input
transi stors pérchitrehdppr ds rearedtrukt&d \af te BAN-Phérhasd-stem t
voltages [err] of the respective NNP-N transistors [err] are approximtely
0.75 5 ~&n N-P-N trensistor Qqr 2 P-N -junction diode D14 an
a resistor R38' and which serves to control the output
;v,.. ' terminsl OUT, into the floating stste.
The base of the P-N-P transistor on of this control
circuit is driven by the enable signal EN of the CMOS
10 inverter 21/ in the intern=l logic blqck 21, this inverter
) being composed of a P-channel MOS FET Ms and an N-channel
MOS FET Mg. - The input of such CMOS inverter 21l is
supplied with the inverted eéable signal EN. ’
FUrther, since this control circuit hss been sdded
15 ° ' to the level converter 221, a P-N-P input transistor
GH9 end & Schottky barrier diode D13 are also sdded
to the pforementioned hign input impedance circuit.
Accordingly, when the ensble signal-EN becomes
L jts_low level, thg transistors Q10, Q11, ng'and.q,‘3
20 of the level converter 221 turn voff® gt the same time,
so thst the output terminal OUT, falls into the floating
S state. : .
On the other hand, when the enable signdl EN becomes

its high level, the level converter 221 similerly hss

25 g logical processing function &s a 2-input NAND'gate,
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transi
vol t ag
transi
Mor eov
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del ay
t hat,
unnegl
transi
out put

volt. Therefore, the input threshold voltage Vith at which the

stors QLO and [err] turn "on" in relation to, e.g., the output:
e. of the CMOS NAND gate 211 applied to the base of the P-N-P _
stor beconmes as follows: [err] 15 = 1.5 volt

er, the output transistors J[err]for executing the diseharge or
of the output |oad capacitance are®forned of the bi pol ar transi st o«

of bﬁﬁ/output resi stances. Therefore, the switching speeds can be 20
e

d or the propagation delay times can be shortened, and the output
t ance- dependenci es of the propagation delay tinmes can be | essened.
ition, since the transistors [err] are _the clanped transistors, their
ti mettdiate thfordepiar Ysrsatility, gf, theednitganated veinewétnot ed

- -50- even with the |level converter 221 of Figure 33, an

i gi bI% difr 2@ $ftarly flows fromthe base of the P-N-P i nput

stor [err] to the qutpyt end of the CMOS- NAND gate 211 when the

of thisfggtdern ﬁge a¥°FHéqdovV9£t‘/%$?55vp1 1 ’sg'ptﬂzev s goPhy

robl ens cannot be rfect solyed. Figure 34 shows the |evel” converter
221 whi ch &‘g’se Egéﬁe%iﬁa‘ﬁ yééegltgﬁea’q P Tef2PBeSoRyq »s Rp prdpy ens

subst
isr

tiall tl T L ti-emtt t I St ' Fi 32
aco i B 2ond i RL b RAR Q0O S ER SO AR agt s

constructe%(ﬁ NC§ FEﬁsg? @gglggg%%ctivé P-N-P input transistors

10

15

20

25

BE18’ "BE19 | -
Q17, Qg QHQ are approximately 0.75 volt, and the base- A

emitter voltages v \' 6 of the respective

VBE10* VEE11* VBE1
k-P-N transistors GHO’ GH1’ GHG ere approximstely 0.75

volt. Therefore, the input threshold voltage Vi at

th
which the transistors Qo &nd Q4 turn "on" in relation to,

e.g., the.output voltage of the CMOS-NAND gate 211 spplied
to the base of the P-N-P trahsistor Q17 becomes e&s follows:

v -V + V

ith = 7 VBE17 * VBE16 * VBE11
= 1.5 VOlt -

BE10

Moreover,hthe Output transisto:s CHO"Q12 for executing‘cz

the disphérge or charge of the output load capacitance

. G, are formed of the bipolar trensistors of low output
resistances. Therefore, the switching_spegds'can be

 enhanced or the propagztion delay times czp be shortened,
end the.output capacitance-dependencies'of fhe pfopagation
delay times can’be 1essened.‘ In =ddition, since.the
transistors Q1O’ Q11, Q13, GH4 snd Q16 afe the claﬁped :
transistors, their.delay.times can pe shortepe?.

From investigation, we have noted that,

. A ]



bel ow. Referring to Figure 34, such high input inpedance circuit is
constructed of N-channel MOS FETs [err] [err] and a P-N junction diode
D14. The-drain-source 13 15 paths of the FETs [err] are connected in
paral lel', and the gates thereof are respectively connected to the CMOS- NAND
gates.211, 212, 213 of the internal |ogiggblock 21. -In addition, the P-N
junc#fon diode D14 is connected in series with the drain-.source paths. 20
Resistors [ERR] are respectively set at 2 kil oohns, 4 kil oohns, 10

kil oohns, 4 kil oohnms, .50 - 75 ohns and 16 kil oohns. The emitter areas of

the transistors 010, ox. ' '012" B and A4 are respectively 2 2
2 2 even with2thetleved7gopmertes? F3id PPRcBigwre 337 pm umnegligible
pm 25 Further, in such | evel converter 221, in order to -51- '

enhance the |egreent ostmilaglyufitewsnisom (theorkese afchinel Briver input

transi stor [ERR] which has an enmtter area equal to that of the driver

transi stor [ebPnsiztennReet b8 FReparaPME e IPX Hebe relRF sHEFD gate and a

second high 5 i nput_ i npedance circuit is provided which is constructed
S

of..N—channe|211f¥$égltm&4?uPBPF]°5-HhFGn&ﬁFﬁ1%ﬂlxﬁ?[ﬁ% the h°Vedf¥edr R39

| i kewi se to the foregoing high i nput i npedance circuit. This |gevel
conver ter 2218PakRe $RF °b?gc8§ggﬁ§mfﬂﬁepﬂﬁ$aRFzP?ﬁé?ﬁﬁi%cﬁ Ves-

Figure 34 shows the level converter 221 which has
been finally deve10p¢d in order to solve such problems
substantially perfectly. The multi-emitter transistor
Q15 in Figure 32 is replaced with the high input impedsance

10 circuit which is constructed of MOS FETs as explained
below. .
| Referring to Figure 34, such high input impedance
circuit is constructed of N-channel MOS FETs M11, sz,

M13 and a P-N junction diode D14. The drain-source

15 paths of the FETSIM11, M12, M are connected in psarsllel,

13
and the getes thereof are respectively connected to
the CMQS-NAND gates 211, 212, 213 of the internal logic

is

block 21. -In addition, the P-N junction diode Dy

- connected in series with the drain-source paths.
20 i : a e i
- Resistors RBO’ R31, R32, R33, R34 and 335 ere respectively
set at 2 kiloohms, 4 kiloohms, 10 kiloohms, 4 kiloohms,
50 -~ 75 ohms' and 16 kiloohms. The emitter areas of
the transistors CHO’ GH1, QHZ’ Q13 and CH4 are rgspectlvely
set at 672 pm®, 132 pm®, 363 pm®, 187 pm° end 242 pm’.

25 Further, in such level converter 221, in order to

-



10 ° ég circuit. Further, a control circuit is simlarly added to this
| evel coheerter 221, the control circuit serving to control the output

term nal_ OQUT1 into the floating state when the | evel eonverter is supplied
with the 15 enabl e signal EN of low level fromthe internal |ogic block
21. This control circuit is constructed of an N-channel MOS:FET [err]

transi stors [err] resistors [err]~aAd Schottky barrier di odes D16, [erry—/

20 Further, in the level converter 221 of Figure 34, in order to
~set input threshold voltages at the respective gates of the six MOS FETs
[err] at the mi ddle value of 2.5 volts bet ween the CMOS | ow | evel output

| t f 4.4
x8| tgget ﬁe %éﬁzla‘gg%/v@%fi@ l J]k)%vglu%%ﬂgarge/ﬂéié gﬁgggt’afed bel ow.
At thi ti | f t
appro;ismalt gIPsye 0.75 Voﬁ@tﬂ%@%%%?g \%Irotr ]gé'gc\l}Frl}ga%f t he éﬁ%@?ﬁﬁ%{é%oﬁ di ode

D14 is set 7 afeictgnceste e FETs
M %&16&3/ cemg&e%agg %lggxéiéggﬁ}% gﬁﬁiﬁ A cas@‘ ané eééhf]%tha

FET M is "ign'pasdlll &8 wDEK| £ifs eoran By sithe @ e, Verd @esé/conﬁahe ource
voltage [err]drain current | D, drain voltage. W etc. thereof will 10 be

cal cubat ed. inputt Hinfpdddfce tditr bt Msigrsuipesediiich is constructed
- of N-channel MOS FETs M’14, M15, M,cs &8 P-N junction

diode D‘]5 and a resistor R39 likewise to the foregoing u

high input impedance circuit. This level converter
221 has a logic proce351ng function as a 6-input complex
10 gate clrcult.
Further, s control circuit is similarly addéd to
this level converter 221, the control circuit serving
to control the outpuﬁ termigal OUT, into the floating
state when the level converter is supplied with the
15 enable signal EN of low level from the internal logic
block 21. This control circuit is constructed of an

N-chanpel MOS FET M 17° transistors Q21, Q22, Q23, reS8istors

R4o, 341, 42? R43, and Schottky barr:ter diodes D16’
. Dy72 Dygs Dig-
20 Further, in the level converter 221 -of Figure 34,

in ‘order to set input threshold voltages st the respective

11?
value of 2.5 volts between the CMOS low level output

i gates of the six MOS FETs M cee- 6 at the mldale

voltage of 0.6 volt &nd the CMOS high level output voitage
25 of 4.4 volts, the ratios W/L of the FETs Mygs "ot Mo

(>

*



be biased in its saturation region. [err] 15

From.Equations (1) and (2), [err] Considered as the input threshold
voltage is the voltage VX which corresponds to the fact that the vol - ZGJ
tage.VW lowers due to rise in the voltage Vx, resulting in the turn-off of
the transistors [err] The drain voltage VY at which the transistors Qlo,

Q Ihturn "off™ is evaluated as follows: [err] 25 From Eauations (3)
and (5), 74,- -53- From equations (4) d (6), [err] Substituting into
equation (7) the conditions of 5 [err being 5 volts, VE1l1l and VBEI O

being.0.75 volt, being 16 kil oohns, [err] being 60 x [err]being 2.5 volts,
VF14 being 0. 75a¥8! §etinds| stateliebagol.. 75a¢olthisWtinte ; the/thrdsWdld 2 X
[err] 16 x 10 (2.5 -0.75- 0.75) = 10 [err] Thus, the

i nput t hreshol dvebtéage U&thé tBEeeFETs Myqgsr «ov-- M, are set at

approximately 0.75 volt, the forward voltage VF14 of

the P-N junction diode D is set at 0.75 volt, and the

14
5 channel condugtahcesdeo of the FETS Myy, «-ve-... Mg
are set at 60 x 10”° [1/ohm].
s ' A case where only the MOS FET M;, is "on" will be

considered, and the gate voltage Vx, gate-source voltage

drain current I drain voltage V., etc. thereof will

Ves’

D’ Y
15 be calculated. At this time, the FET M; is supposed to
* be biased in its saturation region.
Vg = Vog * Vp14 ee. (1)
A
= 9., 2
I = 2t Ves™ Vom? e (2)
_ 15 Vy = Voe— R3g° Ip .o (3)
: From Eguations (1) and (2),
St
I —Eg-ﬂ--(v—v -V 52 (4)
D 2 L X Fl4 TH Tt

Considered as the input threshold voltage is the

.4 7 _.voltage V, which corresponds to the fact that the vol-

Vy lowers due to rise in the voltage Vx, resulting

in the turn-off of the transistors QlO' Qll'

20 tage v

The draln voltage Vy at which the tran51stors Q107

Q11 turn "off" is evaluated as follows:'

Vy = Vge11 * VBelo -ee 5)

25 From Equations (3) and (5},



converter 221 can be set at 2.5 volts by setting the ratios WL of the FETs *

[err]at 22/3 15 The enbodi nent of Figure 34 having the abeve -
ar,rangenment has been confirned to exhibit the | '
prongatlon delay tinmes and:the output capacitance-dependencies thereof as ¢
listedsbelow. [err] 8.8 nsec 20 7.8 nsec -54- . 0.11

nsec/.pF ........ 0.01 nsec/ pF Fi gur<s3$- shows with dot-and-dash |ines the \J/
out put | oad.capacitance-dependenci es of the propagation delay 5 ti mes of
the | evel converter 221 of the enmbodinment illustrated in Figure 34.. It is

understood that the respective output capacitance-dependencies [err] of
the first and second propagation delay tinmes: [err] are inproved. The

level converter 221 in Figurbgg4—c¥gpaytai N desired characteristics
for reasons stated bel dyy X , the ratios WL*dt(&@he OS
FETs [err] ML6 are set .in corresponaénce with the supply voltage [err] the
resistance [err], the chann con?g tanéez6 err] and threshold voltages
[err] of the MOB Ea4qt ?ue forward voltage [err] of the
di ode D14 concerning the b -emjter voI ages [err]Jof the transistors
[ err]whereby the input whre Iﬁ 1a OBEf#0e | evel conveédter 221 can be )
set at 2.5 volts mhIChILS * - - cee
| Po (Vy = Vpqy — Vgg)?
Substituting into equaticn (7) the copditions of .
\/
5 Vcc being 5 volts, V BE41 and vBE1O being 0.75 volt, 335 .

being 16 kiloohms,_ﬁo being 60 x 10~ [j/ohma Vy being

2.5 volts, V. belng 0.75 volt,

F14 being 0.75 volf and fo
] W_5-075-0.75,2x10°%, 1 ~
L 16 x 107 60 (2.5 = 0.75 - 0.75)2
3.5 "3
= «2 x 107 —
70 s
10 - g5 x 10
=7.29 5 % -
o/
T;us,-the input threshold voltage of the level °
converter 221 can be set st 2.5 volts by setting the
L ratios W/L of the FETs M,,, °°°"° M, at 22/3.
_15; . The embodzment of Figure 34 having the gbove arrangement
has been confirmed’ . : : to exhibit the propagation
s delay timg§ and’ the output éspacitance-dependencies thereof

as listed below.

tpHL (for cs = O pF) +---+ 8.8 nsec

20 ‘ tpLH (for C, =0 PF) *e+++ 7.8 nsec



between 0.6 volt and 4.4 volts. 20 (b) The output transistors [err]

whi ch execute the discharge and charge of the output |oad capacitance Cx
are formed of the bipolar transistors of |ow output resistances. Theref.ore,
the switching operation speeds can be enhanced or the propagation del

times can be 25 - shortened, and the out put capacitance-dependenci es of -
-52E~?6 the propagation delay times can~B8&-reduced. (c) The high input

i npedance circuit. including the MOS FET Merr] is connetted between the
base of the driver transistor [err] and the output of the internal |ogic

bl ock 21. Therefore, current to flow fromthe gate of the MOS FET Merr]
to the output of the CMOS*NAND gate 211 of the internal |ogic block 21 can
be reduced to a negligi Bhg, | evel, and conspi tUoUS Prdfenseci/PFihe ratio WL
of the N-channel MOS FETs of the CMOS- NAND 10 gate 211 can be prevented.
(d) Since the MOS FETs|Kﬂg]of t he high input*®fhpeBafdeneecepf execute
3-input ORlogic, the logical processing function of the |evel converter
221 is enhanced. (®Figsinecd shaws helthodet+anrd-dashsliinessther optpudcute 15
AND | ogic, the |ogical processing function of the |evel converter 221 is
nor e enhancedlogf) sapesittance—enendencies of abhedprepagrtionsdelnzir

storage tinmes can be shortened. ,
5 times of the level converter 221 of the embodiment illustrated

in Figure 34.. It is understood that the respective
~ ' | output capacitance—dependencies'KHL, Kiﬁ of the first
and second propagation delay times tpHL’ tpLH are improved.
The level converter 221 in Figure 34 can attain
10 desired characteristics for reasons stated below.
(a)'Aé described gbove, the ratios W/L of the MOS FETs

M ARAS n16 are set in correspondence with the supply

11°?
voltage V.., the resistancé'Rss, the channel conductances

ﬁ% end threshold voltages Vpg ©f the MOS FETs M sesee

: 11°
15 M16’ and the forwerd volﬁage V?14 of the diode D14 concerning
A/ the besse-emitter voltages VEE10’ VBE11 of the transistors

Qs G4, Whereby the input threshold voltage of the
level converter 221 can be set st 2.5 volts which is
_between 0.6 volt end 4.4 volts. L
20:. ~;1b)_The outpu£ transistors CHO’ Q1{ whidhf;xecute the

discharée and charge of the Putputjload capsciteance Cx
v are formed of the bipolar trensistors of low output
resistances. Therefore, the switching oberation speeds

can be ephanced or the propagation .delsy times cesn be

25 shortened, and the output capacitence-dependencies of



(g)By bringing the enable signal ENinto the |ow | evel, 20 t he out put
transi,stors [err]the |level converter 221 are sinultaneously turned "off |,
sq that the output termnal OUT[err] falls into the floating state. Thus,.
in a parallel operation wherein this output term nal OUT and the out put

term nat-of another logic circuit, not 25 shown, are connected, the .
sign%L_level of the output -56- terminal_dUT can be made i ndependent ‘af/
the obtput of the internal logic block 21. Fi'gure 36 shows a circuit

exanpl e of the |evel converter 221 according to another enbodinent of the 5
present invention. The output termnal OUT1 of this |evel converter is
connected in comon with the output termnal of another TTL |evel |ogic
seni conduct othenpgpagation «delayCtimest eanopen @@ .or out put type, and
t he common connection point is connected to the supply voltage 10

[err] or '5 vol¢k Ther bdgh sinpit impepdapeeotircniltodmedyddng .the tN@SIgh not
especially restricted, the open collector output type TTL level circuit IC
i s construct #ToMischd opnagtedbatuees ther pagen@f ithenianisten r ansi st or

RPN jnct | SReRPAREOFey, DG RS PBAPEY PLcibe JRteTnel A6 | ector of
output Bor mi BIPEK” Ps; o PtiaRe faritn; CErEenty ERosapH A5OR (the ExAment | o
connected bepyeeq ! 1555w 3&1V1°'£§9€hé_’c8utput of the CMOS*NAND gate
211 of the internal logic block 21 can be reduced to hd
a negligible level, and conspicuous increase in the

ratio W/L of the N-chennel MOS FETs of the CMOS-NAND

10 ggte 211 can be prevented. _ .

. (d) Since the MOS FETs Myys Myps Myg OF the high input
impedance circuit execute 3-input OR logic, the logical
processing function of theidevel éonverter 221 is enhanced.
'(;)Sincg élso the two driver trensistors CH1’ on execute

15 AND logic, the logical processing function of the level

converter 221 is more enhanced. B . O
(f)quce.the-translstors CHO’ Q11, Q13, CH4,_Q20 are
the clamped transistors, their storege times can be shortened.
(g) By bringing the ensble signal EN into the low level,
'50? the output trapsistors QHO’ Qs éf_the-legzi converter
-221 are’ simultaneously turned "off", so that the output | g:i
. terminal OUT1
a parallel operation wherein this output terminel OUT1'

falls into the floating state. Thus, in

and the output terminal of esnother logic circuit, not

25  shown, are connected, the signal level of the output



20 and the collector of the output transistor’' The |evel converter 221
of Figure-36 is fornmed - quite simlarly to the | eve

converter 221 of Figure 34 except that, inside the circuit IC, no,ﬁircuit
eTenent,Ls-connected bet ween the supply voltage V cc and the 25 /

col lector of the output transistor [err]. -57- Thus, the output
tertnals of the circuit IC and those of~3%® circuit IC are connected in
the formof the so-called wired OR circuit. In addition, the output .
transistor [err]of the | evel converter 221 is forcibly 5 turned "of f"
by bringing the enable signal -ENinto the |ow level, whereby the |evel of
the out put terygradindleroUT Cadewebétrigde Nfngepeadent! ofhaheutcutiputf t he
internal |ogic block 21. #?gure 37 shows the |layout of the various circuit
bl ocks 10 oft tHehdritermal légle bloeksemi.conductor chip of the - logic
sem conductor integrated circuit |1C enbodying the present invention. In the
central part (an a’Rizwre!|d6ecshows ha achroudt lexasmpler of) thie Qlewvel

sem conductor chip 300, the internal 15 | ogic block 21 forned of the
CMOS circuit (qomverddds 221 cagcording ate - enotherr embodimendr ofhddx® In the
upper edge part (an area enclosed with a broken line tl1) of the

seni corduct or pstegerdodnvent o al The ontpuputermisrlc OWyr 0 £Bds shown in

Figure 31 (indicated 20 " by triangles whose inner parts_are hatched)
and t he level converter is connected in common with the output
s terminal of another TTL level logic semiconductor integrated

circuit Ici of the open collector output type, and the
common connection point is connected to the supply voltage
10 Voo of 5 volts through a load resistor of 2 kiloohms R,,-
N Although not especially restricted, the open collector
output type TTL level circuit IC! is construeéed of |
Schottky barrier diodes D, s, Dys D3, 8 multi-emitter
transistor Q40, clemped transistors Q41 to Q44, resistors
15 R

4 4
collector output, the collector of the output transistor

o T°R 4? and a P-N junction diode D4. As en open

Q43 is ,connected to terminal No. 43 serving as an output

terminal. Inside the circuit IC','however, no circuit

element is connected between the supply voltage V

20 - end the collector of the output tranaistorbq43.

cc

- The level converter 221 of Figure 36 is formed
quite similarly to the level converter 221 of Figure 34
except that, inside the circuit IC, no circuit element'
is connected between the supply voltage Vcc and the
25 collector of the output trensistor Qo



plurality of output |evel converters as shown in Figure 34 (indicated by
triangl es whose inner parts are white) are arranged alternately. Likew se,
in each of the right edge part (an area enclosed with a broken |ine 25

[érr] | ower edge part (an area enclosed with a broken -58- line [err]
~and | eft"edge part (an area enclosed with a broken line [err} of the -
. seniignductor chip 300, the plurality of igggg | evel converters as shown V¥
“Figu 31 and the plurality of output |evel “converters as shown in 5

Figure 34 are arranged alternately. Above the upper edge part [err] bonding
pads for inputs (indicated by squares of thick solid |ines) corresponding
in nunber to the input |evel converters and bondi ng pads for outputs

(i ndi cated by squgheas,ofthehioutpait tehfininals io®sfheotireRDOdTggand nunber
to the output |evel converters are arranged. The input parts-of the input

| evel conver thwesecodf tivet cilrewddr (IGbhare mpnmgetedoimli tige pfidem offi | e t he
out put parts thereof confront the internal |ogic block 21, and the input
parts of thetbet sercerdield sdmed (OF cirpuit. colif rasdditien; nthenautpugi c

bl ock 21, while the output parts thereof confront the corresponding out put
bondi ng pads tTAnSREEAr QgoPfi e Usoird mPnyARtem®2! plarfere§bd¥y out put

bondi pg pads,on the riaght of the r,i ght edge rt [err]Ja plurality of input
bondiﬁg pads t4rRed 5P€%§IPPyPfgnsiﬁiﬁFhﬁuﬁﬂégiﬁnéﬁsﬁg*) HBFBMXPﬂe | ower
edge part [eqg], 20ded, Pldedloby t2b 2L B RA5ue Fofnhef ! 1Y

OUT1 can be made independent of the output of the internal o/

logic block 21.

e

Figure }7 shows the lsyout of the various circuit blocks
10 in the front surface of a semicondﬁctor chip of the
- logic semiconductor integrated circuit IC embodying
the preéent invention.
In the central parf.(an area eﬁclosed with a broken
line lo) of the semiconductor chip 300,'the internal
15 logic block 21 formed of the CMOS circuit (pure CMOS
circuit or quesi-CMOS circuit) is arranged. 1In the -;;
upper edge part (sn area enclosed with a broken line
51)'of the semiconductor chip 300, the plurality of
input level converters ss shown in Figure 31 (indicated
-begf by friahgleslwhose inner parts are hatéhed$ &nd the

plurality of output level converters as shown in Figure 34

P
A |
'%l,.

(indicated by trisngles whose inner'parts'are white)
are arranged alternately. Likewise, in each of the
right edge part (en ares enclosed with a broken line

25 12), lower edge part (sn ares enclosed.with e broken



of out put bonding pads on the left of the left edge part [err] are arranged
simlarly to the case of the upper 4 edge part [err]. 25 The

ori entations of the input and output parts -59- of the input |evel
converters and those of the input and output parts of the output Iem?h
converters in the right edge part [errlsbomer edge part [err] and le P edge
part T/err] are respectively the sane as”Pn the case of 4 5 t he upper
edge part [err]. A power source bonding pad 30 for feeding the supply

vol tage [err][ is arranged in at | east one of the four corners of the

sem conductor chip 300, and an earthing bonding pad 31 for connection to an

" ear hsﬁ‘r’g ace 3?@%&?%2&5@?2%& ?P%%h%%a% GHE g, o tiad i B dhre 37 i s
orrT i n i gur SralseRTd sHCEAPoR, §hE sl ceffiq (| af 0 7 S PAd i ey

Referring to quiﬁ%‘gﬁ;‘%g%ﬁ hgﬁge}%g% 'as[ s ‘5 'ﬁ?‘%’i rré.e?[;f)ni r], a

frame portion Lo a che am portions whi ch o the

right upper pathe"%lﬁ?&li%?i 6ONEHELRL Udvia13Qonver tUAF tdL BRdMEMPr . parts
correspondlng to the right |lower part, left |ower _
5 Figure 34 are arranged a}ﬁernately.
Above the upper edge part l1, bonding pads for
s inputs (indicated by squares of thick solid lines) correspoﬁding
in number to the input level converters end bonding
pads for outputs (indicafed by squares of thin solid
10 lines) corresponding in number to the output level converters
* are arranged. The input parts of the input level converters
confront the corresponding inppi bénding pads, while the
cutput parts thereof confrqnt the internsl logic block
21, and the input parts of the output level converters
15': ‘confront the internsl logic block 21, while the output
parts thereof confronf the corresponding output bonding pads.
A plurality of input bonding pads and a plurality
of output bonding psds on the right of the right edge
' . part LZ’ a plurality of input bonding pads and é plurality
207 of output bonding pads below the lower edge pert L3’ '
and a pluralify of input bonding pads and a plurality
of output bénd;ng pads on the left of the left edge
‘part 24 are arranged similarly to the csse of the qppef
edge part l1. | | |

25 The orientations of the input and output parts



20

part and | eft upper part of the sem conductor chip are simlar to

the above. Therefore, the lead frane L F is a worked netal sheet of a
structure wherein the frane portion [err] |ead porti-ons [err] and tab |ead

are i

r connected by the hatched dam portions. 25 After the rear

surface“of the sem conductor chip 300 -60- has been connected to the
front “surface of the tab | ead [err] bondi~8@-wires (for exanple, gold wrée
or alumniumw res) to be described below are wired. Using a wire bondi ng
equi pnent which is comrercially 5 avai |l abl e, the power source bonding
pad 30 and the | ead portion L are electrically connected by a wire [err]
34 Further, the input pad and the lead portion L are electrically

connect ed by of ihe input leved conyertens and ithosexf pbhei dnphsrr] by a
wire [err]., the input pad and the |ead 7 10 portion £err] bxha wre

[erF]

t he ownsutogkputirparhe efagheooutpntedgved, epnyertersr in the i nput

pad and the lead portion L by,a wire [err] and th earth bondi ng 5 pad
31 and the taigktaPdge rl}‘%?tatghr@°"[3€r edge M%C%s@%rﬂ-efﬁeefuad frane

[err]

a

nd the sem onductor'ch|£630 1 after the gonpletion_of the
above wiring RanRt pﬁg aTe TeEParaVedy BeZe, 8% 3R HPeneREEp8E a 1iquid

resin

10

15

20

25

the upper edge part 11.__

A power source bonding pad 30 for feeding the supply N
voltage vCC is'arranged'in‘at least one of-tbe foug ; W/
corners of the semiconductor chip 300, andnén earthing’
bonding pad 31 for connection to an_earth .

| point is arranged in at least one of the four cormers.

The rear surface of such semiconductor chip of
the layout shown in Figure 37 is connected to the.front
surface of the tab lead LT‘of a metal lead frame'LF '
in Figure 38 in physical and electrical close contact.

| Referring to Figure 38, this lead frame L has

lead portions L, - L,g» & frame portion Ly and hatched Q:

dam portions LD whicp correspond to.the ?ight upper part

of the semiconductor chip 300. In practice, .however,
_ parts corresponding to the right lower pgﬁﬁ, left loﬁer
'réart and ieft upper part of the semicondﬁéfor chip are
'similaf to the above. Thergfdfe,.the lead frame Lp
is a worked metal sheet of a structure wherein the
frame portion Lb’ lead portions L1 - L64 and tab lead
LT are interconnected by the hatched dam portions.

After the rear surface of the semiconductor chip 30C

»

R



i's poured inside the damportions LD of the lead frame LF. Such dam

portions f[err]

hi nder the resin fromflowi ng out of them After the resin

has solidified, the | ead 20 frame [err] sem conductor chip 300 and resin
which forma unitary structure are taken out fromthe metal nould. Further,
t he daniportions [err] are renoved by a press machine or the |ike, whereby
t he €spective | ead portions L L 6#6@an be electrically isolaﬁgf. 25
fied

| f necessary,

the |l eads [err] protrudi ng outside -61- the sol

resin are bent downwards. Then, the |ogic sem conductor integrated circuit
| C noulded with the resin 301 is finished up as shown in a conpletion

diagram of i o4 Ben ASpARERELECTL! Bhe Bt sitifhch Uf L 160! S0

provi ded with an

produced fromghe ﬁ@ﬁ@fﬂ%duffgg ¢hop 3
D s

such radiation ¥1n 15

ation or positively radiating hea

QWepld, Fold'%1wed 4ol SULHGLULE |

t of thecircuit ICw I NCI.€ase

Speci a

nted, the co

undesirably. 1Qires) ¥¥ BE!AeHErobeactlelot e same@Nductor chip, a cer-
am ¢ noul di ng nethod and a nethod enploying a netal case are consi dered

besi.des the resin npaingng WEFE0BoHBRLE] eqRApmenty GNildle 18 codamebe Dille
cost of the circuit 1C ~however, the resin noulding nethod is the nost

advanta-515 gewsfleble j ithé OpoRes esbupRduDONd ing PEA3D! and Cthé léadicc-

10

15

20”7

25

portion L34 ere electrically connected by & wire 55.

Further, the input pad and the lead portion L9 ere electrically
connected by a wire 16’ the output pad and the lead
portion Ly by e wire 17, the input pad and the lead
portion L7 by a_wire LS’ the ogtputnpad and the lead
portion L6 by a wire 19, the input pad and the lead
portion L5 by a wire £10' and the earih'_' bonding
pad 31 and the tab lead Ly, by & wire 511, in succession.
The lead-frame Ly, end the semiconductor chip 300
after the completion of the abofe.wiring are put in
a metal monig. for resin-mﬁlding . t_whereupon 2 liquid resin
is poured inside the damifortions L, of the lead freme

D

L Such dam portions LD hinder the resin from flowing

F.
out of them. After the resin has solidified, the lead

frame L_, semiconductor chip 300 and resin which form

F
g8 unitary structure are tsken out from the metal mould. ' £
Further, the dam portions Lﬁ are removed by a press magpine
or the like, wheréby the respective lead portions-L1 - L64
can be electrically isolated.

If necessary, the leads L1 - Lgy protruding outside



—

ording to the enbodi nent drawn in Figures 37 to 39, the total nunber of the °*

I nput | evel converters 201, 202, ..... 20n constituting the input buffer 20
is 18 w0, the total 20 nunber of the CMOS gates 211, 212 . .., 211
constituting the internal logic block 21 is 200 - 1530, and the total

nunber of the output |evel converters 221, 222 . ...... , 22mconstituting™

the .output buffer 22 is 18 - 50, so that the seni conductor chip 300 for

a |l arge-scal e sem conductor 25 integrategjcikrcuit device. Nevertheless,

the circuit- 1 C has been successfully put into the radiation fin-Iess

-62- structure for reasons stated bel ow. Since the power consunption of

each of the CMOS gates 211, 212, **** [err] constituting the internal

| ogi ¢ bl ock 21the gelifdfiedayesiguana hentidownwards. Phers thesunption

. of the whole internal |ogic block 21.having the 200 - 1530 gates is as very

low as 7.8 - 5%0gF(cnEpmigencncign dntegratgditccizsrit ckhveeeded 29ith202,
20 according to the enbodi nent

........ 20 ' ' he i nput, f [
of Figure 32 fﬁggbéégéhrgpée% : hs?\u?‘{ ?Réfa%i??ﬂ"g? AR ﬁsﬁ@ﬂ?%?l?!ﬂe power
[ . rt I ' .6 mlliwatts,_and the power
Consunpt i on 8?55%8%%292: P S or 5 S NS ELgRE S o ers s
hi gh 6.8.:= 13 I L S -he. . lev converters
21 So2 BonCinedi?, B s P pradeRd ik Bl S88HAL FafaRIER, e
enbodi ment of Eiguegr3BokReivae A JaRfidt ity il o ARG £FGRSERLOT S,

semiconductor chip 300, out of the moulded structure. o/

If such radiation fin is mounted, thg cost of the circuit
IC will increase undesirably.
10 As methods of sealing the semiconductor chip, a cer-
~ amic moulding method and a method employing a metal case
afe considered besides the resin moulding method stated
above. From the viewpoing of the cgst of the circuit IC,
however, the resin moulding method is the most advanta-
15 geous.
In the logic semiconductor integrated circuit IC acc-
‘ording to the embodiment drawn in Figures 37 to 39, the
total number of the input level converters 201, 202, ....,
20n constituting the input buffer 20 is 18 - 50, the total
- ?.féoz'pumber of the CMOS gates 211, 212, ....ji 21[ constituting
-ﬁhe internal lsgic block 21 is 200 - 1530, and the total
number of the output level converters 221, 222, ..... r 22m
- constituting the output buffer 22 is 18 --50, so that the
semiconductor chip 300 forms a large-scale semiconductor

25 integrated circuit device. Nevertheless, the circuit

IC has been successfully put into the radiation fin-less



t he power consunption per converter is as high as 3.8 mlliwatts, and the
power consunption of the whole output buffer 22 having the 18 - 50
cqniverters is as high as 20 68.4 - 190 mlliwatts. - On the basis of the
above data, in the circuit IC which is constructed of the input buffer 20
having; tthe 18 convéerters, the internal J.ogic block 21 having the 200 gates. .
and \ﬁ% out put buffer 22 having the 18625 converters, heat of 6.4 %wth
respect to the entire -63- amount of heat is generated in the central
part of the front surface of the sem conductor chip shown in Figure 37,
wher eas heat of 93.6%is generated in the edge parts [err]and 4 in total. 5

Besi des, in thgtphétibe ForVpesdons GULHdd BebwS the input buffer 20
having the 50 converters, the internal |ogic block 21 having the 1530 gates

and the output buffginéds bheéi powede cohmabtidrerce . dch of fdhe 88MOEL h
respect to the entire anmount of heat is generated in the central part 10

[err] of the gaves 2ut1fage2gf -the .gemdordmdtdt \ing StieenineFhayr e 37,

whereas heat of 84.2%is generated in the edge parts [err] in total. As
illustrated i m&gwrmaé’k Pheiisnper smdll ogigs 10.039 :ﬁ;mxcﬁ\tgenmat es the
slight heat is arranged in the cen- 15 tra part of the chip, and the

input budfer 2fower ¢twsamppionboff ¢he2¥holiec irgmrmal dlagdic | bloek
quantities of heat are arranged in the edge parts [err]
21 heving the 200 - 1530 gates is as very low as 7.8 - 59 67
ia* milliwatts. Since the input level converters 201, 202,
eesee, 20n constituting the input buffer 20 accordiﬁg
to the embodiment of Figure 31 include a large number
10 of bipolar transistors, the power consumptién per converter
* is as high as 2.6 milliwatts, and the power consumption
of the whole input buffer 20 having the 18 - 50 converters
is as high as 46.8 - 130 m;liiwatts. Since glso the
output level converters 221, 222, e¢<+e-, 22m_constituting
15 the output buffer 22 according'to_the embodiment of
U Figure 34 include a large number of bipolar trensistors,
the poyer consumption per converter is es high as 3.8
milliwatts, and the power consumption of the whole output
) buffer 22 having the 18 -~ 50 converters is as high as
20 68.4 - 190 milliwatts. -
;:'Oﬂ the basis of the above data, in the circuit
IC which is constructed of the input buffer 20 having
the 18 converters, the internal logic block 21 having

; the 200 gates and the output buffer 22 heving the 18

[ P

25 converters, heat of 6.4 % with respect to the entire

cmmpa



of the chip. As seen fromFigure 38, therefore, the large quantitites of
heat in the edge parts [err] 20 [err] are taken out of the circuit I1GC
(particutarly, taken out to the earth line of a printed circuit board when
theggircuit 1Cis installed on the printed circuit board) through the tab

| e [err]and the |l ead portion L as an earth | ead. Moreover, -they can be
taken out of 25 the circuit I1C (particularly, taken out to the signal W/
-64- lines and power source line of the printed circuit board when the

circuit ICis installed on the printed %gwnnt board) through the |arge

nunber of bonding wires and the |ead portions [ERR] 5 It has been
confirmed by our conputation that, in a case whefe conversely
to the above awdumit nefitheatieis ngenhebatédr i80thed ceind rault patrtbu f evf 22 whi ch
generate large quantities of heat are arranged in the central part [err] of
the chip and the frertswrfagecofl the semicomductorachdpyshommouimd t he
central part [err]the large quantities of heat in the central part cannot
be readily tHEFupRit3di whereascheat|ef B3 6fhdsr generatessdn & above, it
has been possufle to put gthegcirguit | Cgof .t he ab?ve enmbodi nrent into the 15
radi ation fi R PATFSicPur e¥ar 1432883t FgninstREBLsuch circuit I C has been

put into the resip. oyl ded, stucture, 1L Das RECR™ PO G2 W P! Y
tbe'inpﬁt buffer 20 havihg the 50 converters, the internal
logic block 21 having the 1530 gates and the output buffer ‘QJ
22 having the 50 cénverters, heat of 15.8% with respect'to.
the entire émouht of heat is generated in the central part

10 A%.of the front surface of the semiconductor chip shown in
. Figure 37, whereas heat of 84.2% is generated in the edge
parts Ll' té, 1% and 1% in totalr
' As illustrated in Figume 37, the internal logic block
21 which generates fhe slight heat is arranged in the cen-
15 tral part J% of the chip, and the input buffef 20 and the

output buffer 22 which generate the large gquantities of

heat are arranged in the edge parts li, l%,'lg and J&

of the chip. As seen from Figure 38, therefore,

the large quantitites of heat in the edge parts Ja, lg,

" 20 _13 and l4_afe taken out of the circuit Ié'(particularly;' 
taken out to the earth line of a printed circuit board =
. when the circqit IC is installed on the printed circuit
.board).through the tab lead LT and the lead portion L1
as an earth lead. Moreover, they can be taken out of
25

the circuit IC (particularly, taken out to the signal



nguré 40 shows a bl ock di agram of an el ectronic 20 system whi ch igs ,
constructed by installing on a printed circuit board the |ogic :

sefi conductor integrated circuit 1C according to the enbodi nent illustrated
in Figurés 37 to 39 and other | ogic sem conductor integrated circuit

devices of TTL leveéls 401, 402 ...... 40n, 501 to 505 25 and 600.
Referting to the figure, the outputs’éﬂ‘the devi ces 401, 402 ....... 40n
having the TTL | evel outputs are respectively supplied to*the inputs IN, IN
[err] of ‘the circuit I1C, the outputs of which are supplied 5 to the

I nputs of the devices 501 , ..... 505 of TTL input levels. Further, the

t put QUT2 of ' ' th '
ggnﬁgct ed i noclo%n?éﬁ\/ﬁg%ée%%lgb%%%?%géPgie's‘e%& g%&q’%%@cgcxig%u igf:bopagrdal | el
10 ti é¥¥¥“ i g | t bl ' she fof 20
and out ggtergu:‘ errI 22 of e %’f’?&:?’ I@ggﬁﬂggadibgsﬁ%ae‘t %éa?%dtﬂg&%art ¥ telr ne,

power source Iy ' ' I9 up St |5 ol t printed
B Oédr,d%o%gnéﬂe 1z & RumbbPUbS 'b@%_%inq R s Jg?

circuit 15 ition, en the enable signal ENto fed to
theout put buf fife Fedd ptitRind e, ) owlevglLst hbe outputs [err] fall into

the floating states, and thellunﬁ | evel s” of ®#he devices 501, 502, 20
503 areSset by the @ItHUE 3@5@chﬁfiﬁ@§de&yce 66tGr ‘computation
that, in & case where conversely to the above embodiment,

s the input buffer 20 and the output buffer éz which geperate

| large quantities of heat are arranged in the central

part lo of.the chip and the internal logic block 21 is
10 ;rranged around the central part IO’ the lerge quantities

of heat in the central part EO cannot be resadily ﬁaken

out of the circuit IC. .

' For the reasons described sbove, it has been possible

to put the circuit IC of the above embodiment into the

15 radiation fin-less structure. In addition, since such
U ' circuit IC has been put into the resin-mouykﬁ structure,

it has, become possible to sharply reduce the cost of
the circuit IC. .
Figure 40 shows a block diagram of an electronic
.20:" ' éystem which is constructed by installing'én a printed
circuif boerd the logic semiconductor integrﬁted circuit
’ IC according to the embodimént illustreted in Figures 37
to 39 end other logic semiconductor integrated circuit.
devices of.TTL levels 401, 402 ¢<++++ 40n, 501 to 505
25 and 600. -



Besidgi;_a hi gh speed is attained at the interface between the input buffer *
20 and the devices 401, 402 40n; at the interface between the internal
logic block 21 and the input buffer 20; at the interface between 25
the output buffer 22 and the internal |ogic block 21; -66- and at the *
i nterface between tne devices 501 ** 505 and the out put buffer 20. =
- According to the foregoing enmbodi ment s.ggfavorabl e effects can be achi evech/
for reasons as stated below. 5 (a) tput transistors for executing-the
charge or discharge of the output capacitance [err] of an input |eve
converter 201 are formed of bipolar transistors. Thus, the propagation
delay tines of the input |evel converter and the output
capaci t ance- depenBefersingh e fhe figare osthecdutputyg ¢ the tdevites
function that, even when smaller in device size than a MOS FET, the bipolar
transi stor e4Bilsi #92a "t 4An havingi thePELalevelhoybputaumrent gain, so -
It can produce a great'chargin current_ or dischar%ing current. (b) In the

1

input level E8ADE Fé?eﬂgiﬁﬂﬁ- t% ¥he rinputs IN,,diI¥de .’ *f*or* Secuting a
D pol art ranGFFbe RNt Wi TP (GHEPRR, Ghr WRACRORT R gNBBL TRdor of or 0,
can b8 reauckd. *ag 3puh B St g S ot o7+ £ 808 o8 BRL dmevtstof
can be_shortfgggls. : . :
Furfher, the output OUT2 of the circuit IC and | \'J
the output of the device 600 are ﬁbnnected in common,
' whéreby both the devices IC and 600 execute a parsllel
10  operation. |
Heat generated_in large quantities in the input
buffer 20 and output buffer 22 of the circuit IC can
be dissipated to the earth 4ine, power source line, input
signal line and output signal line of the printed circuit
15 board. |
. In addition, when the ensble signsl EN to be fed w
to the,output buffer 22 is set at the low level, the’
outputs OUT1, OU‘I'2 cecee OUTm fall ;nto.the flozating
_ “_,states, and the input levels of the devices 501, 502,
20 ) 503 are set b& the output level of -the de;ice 600.
| Besides, a high speed is aftained at the interface
; between the input buffer 20 and the devices 401, 402 ««:--
40n; st the interface between the internsl logic block'
21 and the input buffer 20; st the'interface between

25 the output buffer 22 and the internal logic block 21,



{c) In an input |evel converter 201 according to a preferred enbodi nent,
the base signal or collector signal of a driver transistor [err] s
transmtted to the base of a 25 chargi ng bi polar output transistor [err]
t hrough @ MOS 3 -67- buffer which has a high input inpedamxg nd a

vol t,age anplifying 'function. Thus, thqéyyﬁaiing speed of the ouf put
tranSistor [err] is enhanced owi ng to the high input inpedance and the .
vol tage anplifying function of the 5 MOS buffer. (d) In the input |evel
converter- 201 according to a preferred enbodinent, a P-NNP emitter follower
transistor and a P-N junction diode [err] are connected between an i nput

ternminal [err]afadatheher ineerifiadesite tiedw tle déwbces 0501 -bhe.i goyt
threshol d voltage of the input |evel converter 201 can be properly set.

Moreover, sincgnflhthe nputputpdddier g0 he P-N-P transistor Q4 at the base
t hereof is enhanced ow ng to the current anplifying function thereof, the
i nfluence of the ouApedrdipgdédocehel foriégoing Tembodiménts gnfavenable
connected to the input termnal [err] can be reduced. (e) Qutput.
transi stors foeffeetaitcen beeachieyedrfar srdesamns ods t e ted pbelodwad
capacitance [err]of an output |evel converter 221 are formed of bipolar
transi st®rs. (BiusQutput trensistorsyfidmrexeguting nthe otharge corpdistharge
converter and the output capacitance-dépendenci es thereof can be
of .the output capacitance C, of an input level converter
o _ 201 are formed of bipolar transistors. Thus, the propagation
delay times of the input level converter and the output
capacitance-dependencies thereof can be lessened owing
10 to the function that, even when smaller in device size
" than a MOS FET, the bipolar trensistor exhibits a lower
cutput resistance and a higher current gain, so0 it can
produce a grest cherging cErrent or discharging current.
(b) In the input level converter 201, s Schottky barrier
15 diode. for executing & majority carrier operetion is
connected between the base and collector of a bipolar
transistor which is driven into its saturation regioh.
Therefore, the injection of minority carriers ffom a
collector layer into s base layer cean be reduced, so

20 that the storage time of the bipoler trensistor csn
bé sﬁgrtened. | | '

{¢) In an input level converter 201 according to & preferred

embbdiment, the base signal or collector signal of a |

driver transistor Q2 is tiansmitted to the base of s

25 cherging bipolar output transistor Q3'through & MOS



| essened owng to the function that, even when snmaller. in device size than
a MOS FET, the bipolar transistor exhibits a | ower output resistance and a
hj gher current 25 gain, so it can produce a great charging current or
di scharging current. (f) In the output |evel converter 221, a Schottky

- barrj gr diode for executing a najority carrier operation is ‘connected

~ bet €n the base and col l ector of a bi pebzr 5 transistor which is o/

“driven into its saturation region. Therefore, the injection of minority
carriers froma collector layer into a base |ayer can be reduced, so that
the storage tinme of the bipolar transistor can be shortened. 10 (g) In
an output | evel converter 211 according to a preferred enbodi nent, a high
i nput i npedanie NS wHiciRa & Sa CRIBACLAPuRCENPRA drite QAW W61 8kgé Nt er nal
| ogic block 21 and the base of a driver transistor [err] Thus, current to
flow from t hengdlieying MRuld¥idr] ofhubi,sthe operd¥iny rspedd tef ttige out put
of the internal |ogic block 21 can be reduced down to a negligible |evel
Therefore, | outputy ﬁmﬁdﬂtm%a{s oenHensietly osfintghetootthmithigh cinpudf t he
internal logic block 21 and I o ing in the switching speed can be
prevent ed. 2@mpedsfive lend Mtheweltagevemplifyinge f@rtimroiitheto a
preferred enbodi nent, the high input inpedance OS circuit is endowed wth
the fulcti onMXS bafifextd y processing a plurality of output signals of the

i nternal | ogic. : S
(d) In the input level converter 201 according to a

Ao o
=

preferred embodiment, a P-N-P eﬂitter folldwer_transistor
Qy and a P-N junction diode Dz.ére connected between

an input terminal IN1
10 the input threshold voltage of the input level converter

and the driver transistor CQ' Thus,

201 can be properly set. Moreover, since the input
impedance of the P-N-P trensistor Q, at the base thereof
is enhanced owing to the cirrent amplifying function
thereof, the inflﬁence of ﬁhe cutput impedence of =a

15 _TTL level signal sourcéhhoﬂnected to the input terminel

| IN, caﬁ be reduced. _'ﬁ . (-
(e)Ouipuf trahsistors for execu%ing the cherge or discharge

of the output load capecitance C, of an'outpﬁt level
converter 221 are formed of bipolar transistors. Thus,

20:“ '~ the propagation delay times of the output-levél converter
_aﬁd the.output_capacitance-dppendencies thereof can be

: - lessened oﬁing to the‘function that, even when smaller -
in &evice size than & MOS FET, fhe bipoler trensistor

exhibits 2 lower output resistance and a higher current

25 gsein, so it can produce a2 grest chsrging current or



bl ock 21. Thus, the design versatility of a |ogic sem conductor 25

I ntegrated circuit IC of the master slice type or the gate 90 -69- array
type can be enhanced. (i) In the output |evel converter 221 according to a -
pref er-red enbodi ment, a control circuit for controlling an output term nal
QUTY into a floating state on the 5 4685 s of an enable signal ENis 83
arrahged. Therefore, in a case where this output termnal OUT and the
output 1 terminal of another logic circuit are connected in conmon, the

| evel of the common out put ter.minal can be set in accordance with the

out put of the other logi¢ circuit. 10 (j). In a preferred enbodi nent,
the internal |dqeEchdy 2dupbent.is fornmed of a pure CMOS circuit or a
guasi -CMOS circuit thereby to have its power consunption reduced is
arranged in theg)celn the pomtpot léeelrconventeac@2d4i, a Sehioddicudarrian p,
while the input |evel converters 15 201, ...... and the output |eve
converters 22X¥iode for executimgwhimajonitydesraiprucpleretiomn Mol ar
transi stors and exhibits a high power consunption are arranged in the

peri pheral edgennectedibetreen obise shesecands cohdessarceddacdpadiein. Thus,

heat digsipation is facilitated, It has 20 t herefore been possible to
put the?l ogi c IRaRHATAR tWhich g driven; ivtp 18y paduretign, regidm-ati on

fin-less structure and to curtail the cost {hereof.
: -fherefore, the &n ect{Bn ° m&norggy carriers from a

\“) collector leyer into a bese-layer can be reduced, so
that the storage time of the bipoler transistor can
be shortened.
10 (g) In an output level converter 211 according to e
preferred embodiment, a high input impedance MOS circuit
is connected between the output of an internal logic
block 21 and the base of a.griver transistor Q11. Thus,
current to flow from the gate of the MOS FET of this
15 HOS circuit to the output of the internal logic block
25 can be reduced down to a negligible level. Theréfore,
lowering'in the integration density of the output circuit
of the internal logic bdblock 21 and lowering in the §witching'
_ speed can be prevented. | ..
éb:_ . '(h) In the output level converter 221 according to a
preferfed embodiment, the high input impedance MOS circuit
: is endowed with the functior; of logically processing
8 plurality of output signels of the internal logic
block 21. Thus, the design versatility of a logic semiconductor

25 integrated circuit IC of the master slice type or the gate



(k) According to a preferred enbodi nent, the | ogic sem conductor integrated
ci ﬁuit device ICis put into 25 a resin-nolded structure, and hence,
curtail ment of -70- the cost thereof has becane possible. (1)
Nbanmhlle the input termnal [err]of the input |evel converter 201 is not
connected to the gate of a MOS FET, but it is connected to the cathode 5
of t.he Schottky barrier diode [err] or-gbhe base of the P-N-P transistor '
It has therefore been permitted to enhance the breakdown strength against
a surge voltage applied to the input termnal INl. The follow ng
nodi fications of the above 10 descri bed enbodi nents may be made. (a) The
circuit showmn in Fig. 6, can be arranged such that the | evel converters
201, 202 ...erraey bypeheannpet ephienmed®) execute ECC - CMOS | eve

conver3|on while the | evel converters. 221, 222 15. 22m of the out put
buffer 22 exdddtIn Gms output| A¢@|e1cmmsrm 221 aecoondime totd this
arrangenent, the input buffer I nternal |ogic block 21 and out put buffer

22 may be od%?%f%ﬂr%ﬁthmha¢$ﬁeﬁﬁbe#HQQnﬂﬂﬂizfiﬂ¢ﬂét50®pl9°Wb¢@l@¢ngo
[err]. Likew se {”9 Ee arrangenent can be such that the | evel
converters 2%’1 % u Qﬁ‘ﬂiﬁﬁ t RETi nFdt %tﬁffé'r"%ﬁ-fé&e%tﬁﬁeml themos | evel
converS| on, i e | evel ionv rtersﬁZJi

ensb e s gnal s arranged. Therefore,

in a case where this output terminal OUT1 and the output

terminal of another logic circuit sre connected in common, \/

the level of the common output terminel can be set in
accordance with the output of the other logid circuit.
10 (jﬁ In a preferred embodiment, the internal logic block
* 21 which is formed of a pure CMOS circuit or a quasi-CMOS
circuit the:eby to have its power consumption reduced =
is arianged in the cenﬁral part.of the front surface
of a semiqonductor chip, while the input level converters

15 201, ceean and the output“ievel converters 221, °-°++ each of

which includes a pluraiity of bipolar transistors and W,

exhibits a high power consumption are arranged in the
periphefal edge parts of the front surface 6f the semiconductor
~chip. Thus, heat dissipation is facilitaﬁed. It has
ibil the;eforg beeh ppssible to put the logic ;emiconductcr
‘integréted circuit device IC into a radiation fin-less
structure and to curtaillthe'cost thereof.
(k) According to a preferred embodiment, the logic
semiconductor integrated circuit device IC is put into

25 g resin-molded structure, and hence, the curtailment of

¥
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iments of Figs. 14 to 21, Figs. 23 to 26 and Figs. 29 and
30, the P-N-P emitter follower transistors [err]and the P-N junction diod .
P2 in Big. 31 my well be added. 5 (c) I'n addition, the reason why the %}1

e ratio WL of the MXS FEfpds set at 3 is that the
he MOS FET is_assuned to be 3 pm The channel |engt

therost therpef Has bagame PPSSPifd 1 pmor 10 | ess owi

h L
ng

h | i ! : i n rat |
"80oHasais T Aer i SRR A el BTy

dyced further, o i
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g. 39, either. It iIs nore

t he

h& | R el RRRYtd&k O badtildte disk 2B theapasd loms the

attains a hi"gher packagi ng dénsity on the printed

circuit board that the exheraradyded g he MM thHeasford)been nade a

substantial ly squar
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' 10
15
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20

25

e, not an oblong, so as to take out the large
permitted to enhance the breakdown strength against

a surge voltage applied to the input terminal INl'
The following modifications of the above
described embodiments may be made.
(a) The circuit shown in Fig. 6, can be arranged
such that the level converters 201, 202 ..... 20n
of the input buffer 20 execute ECC - CMOS level
conversion, while the level converters 221, 222
..... 22m of the othPt buffer 22 execute CMOS -
ECL lével conversion. 1In accordance with this
arrangement, the input buffer 20, internal logic -
block 21 and output buffer 22 may be operated with
earth potential and a minus supply voltage

-V Likewise, in Fig. 6, the arrangement can

EE*
be such that the level converters 201,202 ... 20n
of the input buffer 20 execute 1%L - cMos level
conversion, while the level converters 221, 222
... 22m of the output buffer 22 execute CMOS - i%L,

level conversion.
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25 nunber of leads [err] fromall the four sides. -72- (e) In addition
to the input buffer 20, internal |ogic block 21 and output buffer 22, being
arr&iged oh the semiconductor chip, the bipolar analog circuit, MOS anal og
circuit, P-channel MOS |ogic or N-channel MOS 5 | ogic i2L CIFCUIt and

ECL CIrCUIt may all be arranged on the sepiconductor chip as- de5|red '
Attention is drawn to our Application No. 84.01959 (Serial No. 2,135, 148)\-J
from which the present Application has been divided. - 73 - CLAIMS. 1.

A seni conduct or i nt(egy atrp ke lembddimen tisli 6 F{gs . an4i sbepnal ph?gi.c bl ock
including a plurality of quasi-CMOS circuits, the input stage of each of
sai d quasi - CMOS ci r2duittes 2@ndlifiggs,- c2thrared 30 anthé PANAReembEBRETS, and
the output stage of each of said quasi-CM3S circuits including bipolar
transi st ors; sald|ﬁﬂk&0ﬂﬂrltgﬁn$iﬁtnﬁ§pﬂafandnt@plBchJQpetaonons on i nput
signal s and generating output signals based on the | ogic operations; and
10 (b) afliR@eHR, iy &iToriemay 1r@eaﬂd¢ﬁgut terminal coupl ed

to receive at | east one of said output
5 (c) In addition, the reason why the denominator

L of the ratio W/L of the MOS FET is set at 3 is
that the channel length of.the MOS FET is assumed
to bé 3 ym. The channel length L is presently
being reduced down to 2 uM, 1.5 ym and 1 um or
10 1less owing to‘impro#ements in photolithography,
apd the denominator L of the ratio W/L will become
-smalier accordinglyf As a result the device sizes
of bipolar transistors will be reduced further,
resulting in changes in the resistances of resistors
15 within the circuit *
(d) The method of taking the large number of leads
Ll, ceces L64 out of the moulding resin 301 is not
- restricted to the embodiment shown in Fig. 39, either. \/
It is more appropriate for reducing the size of
20 the lead frame L, as well as the circuit device
IC and attains a higher packaging dgpsity on the
printed.circuit board that the exterﬁal shape of
fhe_moulding resin 301 is made a substantially B
N square, not an oblong, so as to take out the lafge
from all the four sides.

25 number of leads L L

1' ----- 64



signals of said internal logic block, in order to thereby provide an out put
signal of predetermned levels different than-that of CMOS | evel s at an
output termnal 15 of said.output |evel converter; wherein an output

transi gf'or of said output 1evel converter for executing charge or discharge
of , an eut put | oad- capacitance of said output level converter is formed 'g§g a
fi Ast” bi pol ar output transistor; and 20 wherei n said output |evel
converter further conprises a high input'iﬁ%eaance circuit which is
connected between a base of said first bipolar output transistor and said

i nput term nal ¢&)sahdaddipion| toetheoinput ebuffér220, intermakeldgivhduct or
integrated circuit according to claim1l, further including:_ (c) a driver
transi stor whi chldekvadd amfidoetput bwffex 22, _beingjacrapgesd|en ®RR put
transi stor for executing the dis- charge, of_ the ouigut load.caﬁis'tance;
and (d) a secon8eBiEBRAPCEArpGRiPr aRRESPLPOIRF 2RBLATi FHF Tt e %e of said

Cor i nal of Sai ARBMPHUELFEVSE s cBroarRar. A0S 16aLEPdt SLEdadl ggc fnPv
nicarated ¢ rOybiRCROL SRR 9] Sh v BEEEL0coakY Bl gMmbnBbkahguscance
: on the semiconductor chip as desired.
. Attention is drawn to our Application No.
Kv; 84.01959 (Serial No. 2,135,148) from which the present

Application has been divided.



10 4. A semi conductor integrated circuit according to claim3, x
wherein said high input inpedance circuit logically processes a plurality

of output signals of said internal Iogic block. 5 A semi conduct or &
integrated circuit according 15 to claim2, further including: (e) a : #
controﬁi%ichit which turns "off" the discharging first bipolar output ©
trangi stor and the chargi ng second bi pol ar output transistor of saldloutphﬁ}

| evel converter sinultaneously in respormsddt o a control 20 signal, in

order to thereby bring said output ternmnal of said output |evel converter
into a float stCaAAMSS. A sem conductor integrated circuit according

to claim5, wherein said output termnal of said output |evel converter is
connected in cdnmon wit hAasemiqunducson nalte2fr atfedanrdirveri ts dm clariugg or
' ntegrated CIrCUIt'-llll%g) an int%i%glllogic block including a
plurality of quasi-CMOS circuits, the input stage of
each of said quasi~CMOS circuits including P-channel
S and N-channel MOSFETs, and the'output stage of each of
'said quasi-CMOS circuits including bipolar transistors;
said internal logic block performing logic operations \_)
on input signaiS'and generating output signals based
upon.the logic operations; and
10 (b) .an output level converter having an input
terminal coupled to receive at least one of said output
signals of said internal logic block; in order to thereby
provide an output signal of predetermined levels
different than that of CMOS levels at an output terminal
15 of said output level converter;
| wherein an output transistor of said output :
level converter for executing charge or discharge of an ~
output load capacitance.of said output level converter
is formed as a first bipolar output transistor; and
20 wherein said output level converter further
comprises a high input impedance circuit which is
connected between a base of said first bipolar output
transistor and said input terminal of said output level
converter.
25 2. A semiconductor integrated circuit according

to claim 1, further including:

(c) a driver transistor which drives said

* ¢ L MW s *
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first bipolar output transistor for executing the dis-
charge of the output load capacitance; and

(d) a second bipolar output transistor for
executing the charge of said output load capacitance, in
response to the input signal of said input terminal of
said output level converter.
3. A semiconductor integrated circuit according
to claim 1, wherein said high input impedance circuit is
constructed of MOSFETs.
4. A semiconductor integrated circuit according
to claim 3, wherein said high input impedance circuit
logically processes a plurality of output signals of
said internal logic block.

5. A semiconductor integrated circuit according

“to claim 2, further incldﬁing:

(e) a control circuit which turns "off" the
discharging first bipolar output transistor and the
charging second bipolar output transistor of said output
level converter simultaneously in response to a cohtrol
signal, in order to thereby bring said output terminal of
said output level converter into a float state.

6. A semiconductor integrated circuit accoraing to
claim 5, wherein said output terminal of said output level
converter is connected in common with an output terminal

of another semiconductor integrated circuit.

* c L N S *



