-1- "A sem conductor integrated circuit" The present invention relates to a
t echnique which is effective when applied to sem conductor integrated
“%Arcyits, for exanple, a logic sem - conductor integrated QIw;ﬂé%qugf

4 put. and out put 5 | evel s are TTL | evels and whose int a k> [

| evel s are CMOS |l evels. Figure 1 of the acconpanying drawi ngs is a bl ock

di agram of a known form of |ogic sem-donductor integrated circuit |IC havi
TTL levels as its input 10 and output |evel.s and CMXS levels as its
internal logic |eve L e S an input buffer

10 for |evel-converting input siqpals of TTL levels IN1, IN2, ..... I N
into signals of OMOBDES Prasand JLhVEptinn relates £ okRCARLAEE execut i ng

| ogi | .On i, th I I d buf f f

| ovel - conver PRGN e eateatova b Aee tndl S o EbheoRRbERREI | ogi ¢ bl ock
11 i ] ' | : ; I : [
ciroui ts 10, TPTeERATED BAropey A Ehlmpte o hadq et~ UOPPC 1R

are proper!yceaghbedr Antiedtdtde!ci bt Whdsdeihgit]4Rabsusprp! ied to the
input termnals [err] of the input 25 buffer 10 1s set at 2.0 volts or .

above, snhi | elavedw be@eelTTL levels and whose internal logic levels

1

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 intégratea circuit IC includes an input
buffer 10 for level-cohverting input signals of
TTL levels INI' INZ'-""' INn into signals of CMOS
15 levels, an internal logic block 11 for executing
logic operations with the CMOS Iévels, and an output .

buffer 12 for lével-converting the CMOS level output

)

tignals of the internal logic block 1l into output

signals of TTL levels_OUTl, OUT,, .... ouT, . The

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
to the input terminals INl, INZ' ...‘INn of the input

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



- 2 - input voltage [err] is set at 0.8 volt or bel'ow. Accord- ingly, an
Input threshold voltage [err] concerning the input termnals INL, I'N2,
... INn of the input buffer 10 is set at 1.3 - 1.5 volt which is between
0.8 wvglt and 5 2.0 volts. On the other hand, a high | evel output voltage
{err] to be derived fromthe output of the input buffer 10 is set to be
~ equal to the high level input voltage [err] of the internal | c bl ock
%1, while a low | evel output 10 voltage [err] to be derived fromthe
w@ut put of the input buffer 10 is set "to be equal to the | ow |l evel input
vol - tage [err] of the internal logic block 11. Accordingly, letting [err]
and [err], denote the t hreshol d voltages of a P-channel MOS PET and an
N-channel 1RBBEPEFLiAGENVepnatF- Set Ak & .8 ¥RdS iow d]lav n AGRO%4N er nal
|l ogic blogck 11, respectively, and [err] denote the supmiig'oltage t he

above vol %BQEX'[é’r’r}npﬂﬁdthres'hdér yoltage Vv ltﬁmqj y:%qe % | thes ; [err]
When [errl Is set at 5_volts, Eerr] at 0. voIt VTN at (){kﬁ [err]
and [err] 18P EtsEFrH%nﬁﬁﬁveN4'4 yQPtS"andINﬂ_ \ﬁQHqteHu QWJQ)G

vol L, Accordhag! e 112 LOBUL LOGLe Lo SSlade €25l , e, O
whi ch gs ermggftg'G vol t - 3-
On the other hand, a high level output voltége Vor10
to be derived from the output of the input buffer 10 is
N . set to be equal to the high level input voltage V .., of
the internal logic block 11, while a low level output
10 voltage VoLlo to be derived from the output of the input
buffer 10 is set to be equal to the low level input vol-
tage ViLll of the internal logic block 11l. Accordingly,
letting VTP and VTN denote the threshold volteges-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,
respectively, and Vcc denote the supply voltage, the

o -above voltages V

om10’ Vimii’ Vorio 274 VY

are respec-

iLll
ﬁ{::) tively set as follows:
- Voato = Vig1y > Vec "prl ceee. (1)
20 Vorio = Vir11 < Von | ceses (2)
When V.. is set at 5 volts,lVTPIat 0.6 volt and V.

at 0.6 volt, VoHlo and ViHll are set at above 4.4 volts,

and V ;10 and Vipqy

Accordingly, the input logic threshold voltage Vithll

at below 0.6 volt.

25 of the CMOS inverter in the internal logic block 1l is set

-at approximately 2.5 volts which is between 0.6 volt



and 4.4 volts. Likewi ses the high | evel output voltage [err] of the | .

interqfé | ogi ¢ block 11 and the high level input voltage [err] of the

out put«Buffer 12 are set at above 5 4.4 volts, the |ow | evel output -

vol tage VOL11 of the internal logic block 11 and the | ow | evel input .

voltage [err] of the output buffer 12 ;ge‘set at below 0.6 volt, and the
o]

I nput | ogic threshold voltage Vith 2 The output buffer 12 is set at

approximately 2.5 volts which 10 is between 0.6 volt and 4.4 volts. In R

order to generate the output signals of TTL levels, the output buffer 12
has its high | evel output voltage [err] set at 2.7 volts or above and its
| ow | evel output voltage [err] at 0.5 volt or below 15 Fig. 2
of the &dodpényedFadtrawings is a circuit di agram showi ng one known form of

' t buf 2Q whi IS, t ted of  P- I FET, r
N channel  MCBURTS gty e, BaH ik BByt YoLERES M1 Sur cos anc
dr ai the 20 . .FE | hndi_GAl synbol , d
G AT e SPgsImanedoRipe RgRiE D RRE W e LA RAICAANE TRy 2 ) 2 ATC
d i . _ d i
second Aqa @RS | VeI 4 o URRGRAL thle deie 1€Tle UYL [ Idociiee connect ed i n

cascade. e onadiién _ _ constitute a gate protection circuit 25
fof protegl hig tisfle 13l 8w 3ehvdll %ﬁxtfpléitff&ro%atg%e VETS of dhderr] and [err]

An out put capacitance [err] connecté oL11 _
internal logic block 11 and the low level input voltage

Vizi2 of the output buffer 12 are set at below 0.6 volt, -;:
and the input logic threshold voltage Vith12 of the
output buffer 12 is set at approximately 2.5 volts which
10 is between 0.6 volt and 4.4 volts.
In ordef to genéfate the output signals of TTL
levels, the output buffer 12 has its high level output
voltage Vg, se# at 2.7 volts or above and its low level
output voltagé Y°L12.gt'0.5 volt or_belowf
15 | Fig. 2 éf thé'accompanyiﬁa_érawings is a circuit diagram
showing one known form of an input buffer 20 which R
is constructed- of - P-channel o
MOS FETs Mb1, sz’ N-channel MOS FETs M ,, M ,, M£3 and ,(:)

& resistor Rp. The gates, sources and drsins of the
20 .MOS FETs are respectively indicated by symbols g, s and d.
A first stage CMOS inverter composed of the FETs
' Mb1 and Mh1, and a second stage CMOS inverter composed
of the FETs sz and M, are connected in cascade. .The
components Rp and Mh3 constitute a gate protection_circuit

25 for protecting the gate insulating films of the FETs



to the drains of the FETs [err] and [err] of the second. stage CMOS inverter
has, in practice, its value determ ned by the drain capacitances of the 3
FETs 5 {ert] and ferr] the wiring stray capacitance between the outputhéf
the input bufféer 10 and the input of the internal |ogic block 11, and the
|nput capacitance of the internal logic block 11. The ratios WL bet ween

hannel widths 10 Wand channel |engths4c of the MOS FETs [err] [err]
an err] are respectrve“y set at 27/3.5, 42/3, 126/3 5,.42/ 3 and %5/3 The
resistor Ris p set My %s”r‘:slanc%“o?“@‘k*rl‘ﬁﬂﬁ%" anqae Gy SenpRSte

.acconpanyi ng dramrn ra Y atj ng epe cres of .the
propogati on del ay t| %rqlﬁa’ox?s (Eée] ?}h%tfﬁ‘{%f P aﬂ?eggnzzr gd%‘? ﬁopﬁe
out put capaci tances :Hﬁ%ﬁ prigse he
propagation del ay trégé Cl+ %ﬁ'%scr ssa repr g}sen S J{e g%t |?)’tuat%u

capacitance Cs. As 'dét’:@frﬁﬁ&é‘&' w £hd- adPi R cdgife ALUBABY helFiWisNgS, the
first propagation delay trne [erT] Is defined as a period of tinme which is

required since gn i rmu;p 2 AStid apterhdV dtrdy cdffeitdnee Patwaen he

boundary, until an ol changing froma high level to a | ow | evel
changes with its 50%h/al¢wtprsttdﬂ:e tive niispyt buihies ddb rehdraeadaipuwin del ay
time t pLis defined as a period of tine which

of the internal logic block 11, and the input

capacitance of the internal logic block 1l.
— The ratios W/L between the channel widths
10 W and channel lengths L of the MOS FETs Mpl' Mpz,
Mnl' an and Mn3 are respectively set at 27/3.5,
42/3,~126/3.5, 42/3 and 15/3. The resistor Rp is
set at a resistance of 2 kiloochms.
Fig. 3 of the accompanying drawings is a
15 graph illustrating the dependencies of the propogation

delay times t of the input buffer 10 of

pLE’ CpLH
Fig. 2 upon the output capacitances Cs. In the
graph, the ordinate represents the propagation delay
times while fhe abscissa represents the output
«:} 20 capacitancé Cs.
As illustrated in Fig. 35 of the accompanying
drawings,.the first propagation delay time tpHL
is deflned as a perlod of time which is required
ssince an input INPUT has changed with 1ts 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 boundarf; The second propagation

delay time t is defined as a period of time which

pLH



bound

S regz;red si nce the input

is defined as a fall tinme, and tr as a rise tine. Thus, as wll "be
understood fromFig. 3 of the acconpanying draw ngs, the output
capaci t ance- dependency [err] of the f+4%-st propagati on delay tine 10

of the input

buffer 10 in Fig. 2 is about 0.8 nsec/pF, and the output

capaci t ance- depereautyed| sines\ phey duspt oINPUR hasopkapgedddith on del ay

time tpLH is
vol tage [err]

bet th h I i dt h h .1 th t RET d

o et Ne OORRE: Shengtod, Feonphe, 108" Lrust ho Ffe diidh | ffdr Mot Gor)

t | .th t t i -d i f the 20

ospect ve. pr SHSHIe MEBETLES SARCFRINETRS ERe BELRGRRY. | PER] BT (NE 2O

%ignd%ger£]-g% &88;ng§0nd ﬁtfg 1C@£§E1n¥§&t€r ake set at the
2/ e channe

t he FETs [err

| arge value o
FETs [err] ang {g&6] tfme. To the end of reducing both the output

dependencies [err] and [err] the ratios WL of the FETs [err]
and [err] of the secohdsstagewtMShénundéeestons BeonnEigasddofiotike and nore.

capaci t ance-

Thi s, however

10

15

about 1.4 nsec/pF. Both are great, In the input threshold

itg50% valugasxthaikpyndarny. yntil} fhe opePyhijos wiL

0 &s

O Increase t a conduct®Binces of these

, incurs - _
accompanying drawings, the output capacitance-dependency

KHL (= AtpHL

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

/Acs) of the first propagation delay time

‘nsec/pF, and the'output capacitance~dependency KLH

(=AtéLH/ACs)'of the second propagation delay time

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

In the input threshold voltage Vithlo at

A

approximately 1.3 2 1.5 volt, the ratios W/L between
the channel widths and channel lengths of the FETs
M 1 and Mnl of the first stage CMOS inverter are

P
made greatly different, and in order to leéssen.the

. 4 .
output capacitance-dependencies KHL and KLH of the

20

25

respective propagation delay times tpHL and tpLH'

both the ratios W/L of the FE’I‘.’s'Mpz and M_, of the

second stage CMOS inverter are set at the large
value of 42/3 so as to increase the channel conductances

of these FETs Mpz and an.

To the end of redﬁcing both the output capacitance-

HL and KLH’ the ratios W/L of the

FETs'Mpz'and an of the second stage CMOS ihverter may

dependencies K

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

| NPUT has changed with its 50%value as the .
until the output OUTPUT changing fromthe Iow | evel to the high
‘| evel: changes with its -50% val ue as the boundary. In 5 Fig. 35, [err]

tpl@

O

Q)

e



+ 6 3 congpicuous increase in the occupation area of the input buffer 10 on
the surface of an integrated circuit chip for the follow ng reason, to form
an obstacl.e to enhancenent in the density of integration. In the production
techhqhggx of integrated circuits 5 fining is being vigorously pronoted at
present. ‘Wth the present-day photolithography based on exposud&ﬁto

ul fravi ol'et radi ati on, however, the channel length L of a MOS FET is 3

[erwf as its lower limt value. In order tQ set the ratio WL of the MOS
FET at a very large 10 val ue, therefore, "t Re"channel w dth Wthereof nust
be set at an extraordinary |arge value. Eventually, the device area of the

MOS FET i ' _Fig..4 of th ing dr awi i

circuit o agr am SHIPRAIENS Butperd.if e Ao elat Madl & WA 42 o
d which i t - | T, ; i, MOS

FET [orr) The gatRet Siefee "Ll SATENE stiacd Shhufttelledy SRR |

I ndi cated by syr@j_}lg for StREI£d11bWiAGCredsSH! A& Sih Cah lobdtradle €yt put

signal of 20 CMOS 1evel fromthe internal logic block 11 is applied to the

gates of the FETénAddcanénd/ninothéhgesieptopuihtegiZeider minal No. 30 is
fed wwth the supply voltage V' of 5 volts. |In order to set the input

| ogi ¢ threshold vol t ape théhpPodfictben otéehiio Pogpubf eintfgedtedpeindcubtse! v

2.5 volts, accordingly,

: 5 fining is being vigorously promoted at present. With
the_presenf-day photolithpgraphy based on exposure to
ultraviolet radiation, however, the channel length L
of a MOS FET is 3 pm as its lower limit value. In order
to set the ratio W/L of the MOS FET at a very large

10 wvalue, therefore, the channel width W thereof must be
set at an extraordinary large value. Eventually, the
device area of the MOS FET increases conspicuously.

Fig. 4 of the acéompanying drawings is a circuit
diagram showing one output buffer 12 which we have

15 investigated and which is constructed of a P-channel

r MOS FET M, and an N-channel MOS FET M,,. . The gates,

;(;)_ sources and drains of the MOS FETs are respectively

hd indicated by symbols g, s and d.

In the integrated circuit IC, the output signal of
20 -CMOS level from the internal logic block 11 ié applied
to the gates of the FETs Mp4 and Moa of the output |
buffer 12. Terminal No. 30 is fed with the supply
voltage Vcc of 5 volts. 1In orde; to set the
input logic threshold volgage Vith12_°f the output

25 buffer 12 at approximately 2.5 volts, accordingly,



26 the ratios WL of the FETs [err] and [err] are set at values equal to ,
each other. Figure 4 also shows a TTL circuit 14, which is fed wth the '
'supply voltage [err] of 5 volts through terminal No. 35. The output
signal of P@ level fromthe output buffer 12 is derived fromtermnal No.:
"™ 20, and is supplied to one enmitter of the nmulti-emtter transistor [err] of
the TTL circuit 14 through termnal No7=32. Meanwhile, a standard TTL -
circuit, a Schottky TTL 10 circuit, a | ow power Schottky TTL circuit arw :
an advanced | ow power Schottky TTL circuit have been published as TTL

circuits. Naturally, the characteristics of these circuits are sonewhat

differ f e 0 T ut eeds to
drive 15°° Emﬁgrﬁﬁnhﬁﬁe ?%’Fl"r%pu (#'dt t’%ﬁ#egilgrectgqé %Afl]"fe%]he same .
time an&5 paéaghg% |ter|on for the drive ability is to be capabl e of
driving nputs 0 the OM/pomer Schottky TTL circuit in parallel. Wen
the output Ofg ﬁfeout auhobuhbars £2m Jrici 24, whiem lgyel, a low level
i nput current Terr] mA flo fromone input of the Iom/pomer
SChOttkﬂe&"Ehihfﬁhet si Q.yt held;@@env? Uiode Spaidlty tHioukit teraEndioS FET
[err] of the output buffer Acco™tingly, the [err] needs to pass a
tStal afo8 3%\ i nThedeutphst stipmeduofulMfewrel?Trom thie raytpitt ve the
af orenentioned 20 inputs to the |ow | evel.

buffer 12 is derzved from terminal No. 20, and is supplled i

to one emitter of the multi-emitter transistor Q1 of oo
the TTL circuit 14 through terminal No. 32.
Meanwhile, & standard TTL circuit, a Schottky TTL
10 circuit, a low power Schottky TTL cireuit snd an advanced
low power Schottky TTL circuit have been published as
| TTL circuits. Naturslly, the characteristics of these
circuits are somewhat different from one another.
The output of'fhe output buffer 12 needs to drive
15 a large number of inputs of the TTL circuit 14 at the
same'time and in parallel. A criterion for the drive
ability is to be capable of driving 20 inputs of the- | o’
low power Schottky TTL circuit in parallel. . C:>
When the output of the output buffer 12 is at its R
20 'iowlievel, a low level input current‘IIL of 0.4 mA flows
from one input of the low power Schottlky TTL cideuit
into the draln-source path of the N-channel MOS FET Mh4
of the output buffer 12. Accordznsly, the FET' Mh4 needs
to pass g total of 8 maA in order that the output buffer

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



B -

“FETs
“input logic threshold voltage Vithl2 of the output buffer 12 at

VOB FET Torr] of 1 KB yhe otMEuChli, fd o IiVel by Yoot

i -8-:0n'the other hand, the | ow | evel output voltage [esr] of the out put

buffler 12 nust be 0.5 volt or below as al ready expl ai ned. Therefore, the
ON-resi'st.ance RON of the N-channel MOS FET [err] of the output buffer 12

.. must .be set at a sma|l value of 0.5 volt/8 nillianpere =62.5 ohms or so. In

rger to make the ON-resistance RON of the FET [err] such | ow resistance,
-ratio WL of the FET [err] nust be set at8=a very large val ue gf. 700/ 3
#1000/ 3. 10 Meanwhi | e, as stated above, both the ratios WL f7the
[err] and [err] need to be the equal values to the end of setting the

val ue of 700/ § o 1090kke ThishdtaShsthdh | lpadk |05 241 £ Sw05LARY |

i ncrease in th@®Ld@cupation ar out put on the surface of

the integrat erCia&%hﬁyC!&%oﬁ:la&ﬁeﬁ@”pel‘h&‘mic@,@me 2GN-residtdhibe density of

i ntegration. Mboreover, I ncurs drastic lowering in the swtching speed

of the interng | o@ ¢hiel ®-ehbhnledr MO® FEE [0W Nf I 126 Gudfier Befies he
rratios WL of e two MOS FETs [err] and [e of the output buffer 12 are

set at tPe | angemdBt be waktuas af Bengddl v AR @S a0 CH svelt /3 anEl MEDngdrlé
becore = 62.5 ohms or so.
‘In order to make the ON-resistance RON of the FET
Mh4 such low resistance, the ratio W/L of the FET Mh4 |
must be set at a very large value of 700/3 to 1000/3.
10  Meanwhile, as steted above, both the ratios W/L of the
FETs M, and M, need to be the equal values to the
end of setting the inhput logic threshold voltage vith12’
of the output buffer 12.at approximately 2.5 volts. Therefo;e,
also the ratio W/L of the P-channel MOS FET M, of the |
15 output buffer 12 must be set at the very large value
of 700/3 to 1000/3.
This fact similarly brings gbout a substantial increase

in the occupation ares of the output buffer 12 on the

O C

surface of the integrated circuit chip, to hamper enhancement
20 *in the density of integration. Moreover, it incurs
drastic lowering in the éwitching speed of the internal
logic block 11 for the following reason.
“When both the ratios W/L of the two MOS FETs Moy
and Mh4 of the output buffer 12 are set at the large

25 values, the gate cspeéitances of these MOS FETs become



Zéﬁrge val ues proportlonally Since the gate capaci tances of the FETs¢
[err] d [err] constitute the output |oad capa- citance of the internal
logic block 11, these gate capacitances and the output’ resistance of the
internal 5 logic block 11 incur the lowering of the swtching speed of the
#riternal logic block 11. Meanwhile, since the output of the output buffer

12 is not only derived fromthe external output termnal (term nal No. 20)"'“

of the integrated circuit IC, but also_10 connected to the |arge nunber of
input termnals of the TTL circuit 14 through external wiring, the output
| oad capacitance [err] of the output buffer 12 often becones a very large

| Fi f h
Eipgﬁden'c.geﬁg% 'ei%ﬁ%ﬁ%%‘g%ﬁ%%q 177 T R, ¥ e Rl e
capaci t anced @i léfﬁﬂm bulddifsth4dte FiHe dhtpdt 1Q§éh Rga-

represents the propagatmﬁ1 4ines, while the abscissa repre- sents the

out put | oa¢i¢apRe oFthe %thernalThtbi;,uaao1lm@r1SLt Octhddeogdtigure 5, the
capaci tance- dependency [err] of the first propagation delay tinme t

of the out paipaliftfaticel? dnd Mg rcutbutirdsistande b8 tisecipfermald t he
capaci tance- dependency [err] of the second propagation delay tine 25 [err]
i s about5 0.1bgirs&d/quk 11Bdirtcwar echyy dadwering of the switching
speed of the internal logic block 1l.
Meanwhile, since the output of the output buffer 12
is not only éerived 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.
Fig; 5 of the accompanying drawings is a graph -
15 illustrating the dependencies of the propagation delay B

times t upon the output load capacitance C, of

pHL’ FpHL _
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-HL (=At pHL/AC ) of the flrst propagation

delay time t of the output buffer 12 in Figure 4

pPHL
is about 0.3 nsec/pF, and the capacitance-dependency
KLé €=A tpLH/ACx) of the second propagation delay time

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

©romine,

C



«10- sAccordingly, the input buffer 10 of Figure 2 form ng the background .
art of the present invention involves problens as summred up below. (a) I'n
order to-‘l.essen the output capacitance-depéndencies 5 of the’
propagation delay tines of the input buffer 10, the ratios WL of both _the .
MOS_FETs [err] and [err] of the second stage CMOS inverter of the inpueg

b r 10 nmust be made | arge, which hanpers'éHhancenent_in the density of
in ration. Particularly in a case where the integrated 10 circuit IC
is of the master slice type or the sem -customgate array type, there is
the possibility that a very | arge nunber of gate input termnals in the
internal |ogic bl oclckbraihglys ehendeiptet bufifer 010 Bf Fifgure 2 Motming f er
10. When the output capacitance [err] of 15 the input buffer 10
accordi ngly betheebackgyounhdaartt lof dime prersenterinwentdon daviedives (b)
Further, the first stage of the input buffer 10 is formed of the CMOS

i nverter [errprobllemsefaar aumnedn uphdelidws. gate protection circuit conposed
of the 20 -elements [err] and [err] i s connected, the breakdown
strengths of tle)ganeorder Zoi Agsisienndhef awipmt rapayd tmpeJdependencies a
surge voltage applied to the input termnal INL are not satisfactory. In
addi ti on® the o8t $be prppegatiosi delqyr dimesaf e sinput duf fan isound

art of the present invention involves probl ens as summed up bel ow.
: the ratios W/L of both the MOS FETs sz and M, of the

second stage CMOS inverter of the input buffer 10 must

be made lerge, which hampers enhancement in the density

of infegration. Particulaerly in a case vhere the integrated
1o circuit IC is of the master slice type or the semi-custom

gate array type, there is the possibility that a very

large number of gate input terminals in the intermgl

logic block 11 will be connected to the output of the

input buffer jO. When the output capacitance cs of
15 the input buffer 10 accordingly becomes very great, the

above problem is very serious.

(_

(b) Fugther, the first stage of the input buffer 10 K
,C:) : is formed of the CMOS inverter Mb1, Hh1' Therefore,
even when the gate protection circuit composed of the
20 - elements Rp and Mn3 is connected, the breskdown strengths
of the gate insulating filmg of both the MOS FETs M§1, Mn1
agaeinst a surge voltage applied to the inmput terminal
.IN1 are not satisfactory." |

"In sddition, the output buffer 12 of Figure 4 forming

25 the background art of the present invention involves



(c) In order to set ‘the input logic threshold voltage [err] of the output
buffer 12 at approximately 2.5 volts and to enhance the current sink
a%{bity at the low level 5 out put of the output buffer 12, the ratios
WeVof both the MOB FETs [err] and [err] nust be set at |arge val ues equal -
" to each other, which hanpers enhancenent in the density of integration. (d)
When. t he ratios WL of both the MOS FEIT%-[err] and 10 [err] of the ra
output buffer 12 are nade | arge, also the gate capacitances of these MOS ?
FETs increase. In consequence, these gate capacitances and the output
resi stance of the internal Iogic bl ock 11 incur lowering in the switching

speed tggn l.agi 1. Particularly 15 In a case where
t he ouq% 6Qf gegéfgt eggnt rngﬁ ‘%glc bIock 11 is conposed of MOS FETs of

hi gh out eyt ﬁeéi-ab €8 het ?ﬁﬁ%
conspi cuous y. pro ematslbc nce e out putﬂt;a]’fr?er S conposed of

the MOSy20 __ &ETghel 8t uenéufre&eﬁrzl at! HPOIRREMIAIFSD H ¥k Opagation
del ay t|h%§1%pon t he out%ut | oad capaC|taE§% [err] are great 5§rticularly

in a cagsdWberenhah8edtheusupredit isink atbﬁ.llmﬁ?ma% Hne Mowl Hlevdy cuit 14 are
connected to the output of the output buffer this problem 25 becones

i Apor t aotitput ef 1€heloutpditnpulfer iz, S tehas pacticy WIS off aseH | nventi on
there is provided a sem conductor integrated circuit
the MOS FETg ¥p4 and Hh4 must be set at lsrge values
equal to each other, which hampers enhancement in the
density of integration.
(d) When the ratios W/L of both the MOS FETs Mb4 end
10 Hh4 of the output buffer 12 are made large, also the
gate capacitances of these MOS FETs increase. In comsequence,
these gate capacitances and the output resistance of
the internal logic block 11 incur lowering in tﬁe switching
speed of the internai logic block 11. Paréicularly
15 in a case where the output stage of the intermasl logic
block 11 is composed of MOS FETs of high.output resistance, 5
the IOﬁering of the switching speed is conspicuously'- '_ o
problematic. : ' " _<:}
(e) Since the output buffer 12 is composed of the MOS
20 - FETs Mb4 and Mh4; the dependencies of the propagation
delay times upon the output load capacitance C, are
great. Particularly in a c;ée where a large number
of input terminals of the TTL circuit 14 are connebted'.
‘to the output of the output buffer 12, this problem

- 25 becomes important.



“

including:- (a) .an internal logic block including a plurality 5 of CMOS
cirtuits, each of said CMOS circuits including P- channel and N channel
MOSFETs, said inteéernal |ogic block performng |ogic operations onciﬂput .
signal s and generating output signals based upon the |ogic operati*ths; and’
(b) a plurality of input |evel converters, each of 10 said input |evel
CKEDFrters havi ng i nput and output termn-.8ls, each of said input |evel

c erters receiving at its input termnal, "and i nput signal having a |evel
difterent fromthe CVRBCL@uehoaRd Nelydicnd SRS Ol Hif Pidlidit AhRMIGn
digital signal at the output Fern1na to be Coupled 15 to said internal
l'ogic block; whgke R sSPrdvIRRES af SemRENidichdrt e tayridedididalitsi gnal in
each input |evel converter includes a first bipolar output transistor the
base of whichine3paiag:t-0 said input digital signal, a current flow ng

‘through the 20 collector-emtter path of said first bipolar output tran-

si stor executing the f(anctanonndferaiatlhdogdkrabdionk dmaliwdinghar g lngradi tut put
capaci tance of the input |evel converter, and a second bipol ar out put
transi st or 5t hefb&M@Sofciwiuditsi,s eaghplofe aiid EMPD B aitae ghiding P-
responding to said input 25 digital signal, a current flow ng through the

col | ector- enicheaneda@ndoN-sdiannedc MAFTETS0l S idiinkeinahsi i RS ut i ng

the other function of chargi hg and dLscharanq]said put;yt chacitance; and
- 13- performing logic operations oh input signals and generating

output -signals based upon the logic 6perations; and
(b) a plurality of input level converters, each of
10 said input level converters having input and output termin-
als, each of said input level converters receiving at its
input terminal, and input signal having a level different
from the CMOS level and including means for providing an
output digital signal at the output terminal to be coupled
15 to said internal logic block;
wherein said means for providing the output digital
signal in each input level coﬂGertér includes a first

bipolar output transistor the base of which responds to

C

said input digital signal, a current flowing through the
i;} 20 collector-emitter path of said first bipolar output tran-
sistor executing the function of either charging or dis-
charging an output capacitance of the input level converter,
and a second bipolar output transistor the base of which is
supplied with a base drive signal responding to said input
25 digital signal, a current flowing through the collector-
emitter path of said second bipolar outpu£ transistor
executing the other function of charging and discharging

said output capacitance; and



wherein each input .l evel converters further includes a CMOS buffer circuit
t he i nput of which responds to said input digital signal and the output Oof
whi ch_generates said base drive signal for said second bipolar output"

' tran%ﬂstor. 5 According to a second aspect of the present inven-’
-tion there is provided a sem conductor integrated circuit including: (a) an
internal logic block including a plugality of CMOS circuits, each of said{
CMOS circuits including P- 10 channel and N-channel MOSFETs, said internal
| ogi ¢ bl ock perésreny ¢éaghcimpetaléeévat oonvepuersi gaaktReandngenaeati ng

out put signals based upon the |logic operations; and (b) a plurality of

i nput laeeMOs dwEferrcireact thesangutnpfit whieebl respesdsets khawdng i nput
and output termn- 15 als, each of said input level converters receiving at
i ts i npwnputerddgibtal apigmpltardghhe autpug afl whirhdgeneratesft seddt he CMOS
| evel and ingl uding means_for providing_ an output termnal to be coupled to
sai d | MEFhATR)i igrdtkionner ¥ nSeaPAdnBARSL B OPEBVEIERGNERE LOELput
digital 20 signal in_each input Ievgl convert.rtgncludes a first bi- polar

out put transi stF PRI BAsECo? FRFERYr BERSRbsCLotagi BTRAFRE dPYPPal signal,

a current flagwing through.the coll -_Qr-emtte at f said.first
bipolaft%ﬁﬁrﬁke %ah%i%f%?leigcﬁt?ﬁég%ﬁggPﬁﬁgfi6ﬂ£8§r8?FﬁeF15ﬁ3F§ing or
discmm§¥é¥ﬁégh%5 out put capacitance of the input |evel converter, and a
second bi polar dutput transistor the base of which is supplied with a base

drive signal resppnghngnt@rsal d1b8pEt pbakt 2hcth@ial: a2piUradityf bW ng
t hrough the coll ector-

CMOS circuits, each of said CMOS circuits including P-

v
10 channel and N-channel MOSFETs, said internal logic block
performing logic operations on input signals and generating
output signals based upon the logic operations; and
(b) a plurality of input level converters, each of
said input level converters having input and output termin-
15 als, each of said input level converters receiving.at its
input terminal, an input signal having a level different
from the CMOS level and including means for providing an
output terminal to be coupled to said internal logic block; ‘J
wherein said means for providing the output digital
20 signal in each input level converter includes a first bi- - <:>
polar output transistor the base of which responds to said
input digital signal, a current flowing through the collect-
or-emitter path of said first bipolar output transistor
executing the function of either charging or discharging an
25 output capacitance of the input ievel converter, and a
second bipolar output transistor the base of which is
supplied with a basg drive signal responding to said input

digital signal, a current flowing through the collector-



.14 ; emtter path of said second bipolar output transistor executing the
other function of charging and discharging said output capacitance; and
wher ei n- each input |evel converter further includes 5 a CMOS buffer circuit
the i nput of which responds to said input digital signal and the output- of
whi ch generates said base drive signal for said second bipolar outputdg

tyaysi stor; and (c) an output |evel convertér-having an input term 10 inal
sl ed to receive at | east one of said output signals of said internal

| ogi ¢ bl ock, 4m tdregeratd tafersid FFereRR RiPolapueusPyhalraisbikeret er i ned

| evel s different than that of the CMOS |evels at an output_termnal of said

out put | evel SRR thes other fuRgielen P&HCRATHLRT 130G LIhaF LIRS d

out put | evel conyverter for executing charge or discharge of an output |oad

capaci t ance JFRhiPRAD ARSIV FTer is formed as a third bipol ar

out put transistor; and wherein I d out | ev verter_further conpris-

20125 a hi gh input iﬁ%ggé(ﬂa%ﬁ? Lﬂ?pﬁﬁpgévlg %%ﬂ%%%%%ﬁ .%Et?%ﬁehn%f %%% of

sai d thi rds bl poss Qifdly IIANS S En@NEhsdl dok NPHE o Sl PBla Ll csaLLh QUi Ut
n e des e

| eve! converter. e pl‘ esen_t I nvention w ow C!‘I _ | n gr eat er
detail by wayj HuteXHng s V!i_cjhéﬁ“%‘i&”@ﬁeh@uéﬁ@t Zéfrmﬂ'é@néf?@é§ssé’{dt he
a

_acconpanyi ng draw ngs, wherein:- Fig. 6 shows a bl ock diagramo
“preferred forgasd drilvagi<i Gedl COElUSADd s8¢608abePoTaf Cotitputi @fandiswsr B

show circuit exanples of a CMOS NAND
and
[ (c) an output ievel converter having an input term-—
10 inal coupled to receive at.least ohe of said output signals
of said internal logic block, in order to thereby provide an
output signal of predetermined levels different than that of
the CMOS levels at an output terminal of saia output level
converter;
15 wherein ah 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 third bipolar output transistor; and

C

wherein said output level converter further compris-
{:} 20 es a high input impedance circuit which is connected be-
tween a base of said third bipolar output transistor and
-said input terminal of said.output level converter.
The present invention will now be described in
greater detail by way of examples with reference to the
25 remaining figures of the actompanying draﬁings, wherein:-
Fig. 6 shows a block diagram of a preferred fo:m of

a logic semiconductor integrated circuit;

Figs. 7 and 8 show circuit examples of a CMOS NAND



- 15- gate 211 in the gircuit of Fig. 6; Figs. 9 and 10 show circuit .
exanpl es of a CMOS*NOR gate [err] in the circuit of Fig. 6; Figs. 11 and 12
showglz’{cwt exanples of 5 CMOS.R-S flip-flops within an internal l.ogic
block 21 in the circuit of Fig. 6; Fig. 13 shows a circuit exarrple of a
CMOS gated R-S flip-flop within the internal logic block 21 in the circuit .
of Fig. 6; 10 Figs. 14 teo 1%,-20 and 23 to 31 show di agranms of |
various preferred forns of circuits of the | evel converter 201 of an i nput”

buffer 20,¢digp 418, tﬂg,cﬁlc@ﬂgi Q2 Rf egarrpl es of circuits of the |evel
converter 201 of an |nput buffer 20 ich'15 do not formpart of the

present invention;F¥9gs.9 34 ol B4shay Fiﬁcuﬁﬁ erampdesgring of various
preferremhdsnmmacﬁaﬁérzlﬂtsnoﬁhéhelfeuet egnyegters ;221 of an output buffer

21; Fig. 35 shows € di ag{ % jrg ]%l and. out t 20 vef or.ns for defining
first and second propayattoh de PHeSF SR ]9_ grgme ?ssﬁ’gws the |ayout of
var i Dus CMOgtR+S bf bijst bops ‘sehhrmnducinterhaﬂ) dogfiac dliocka 2llogi ¢

sen1cond£§tfﬁ |5§§gﬁ§£egE0f iUIé : ~ Fig. 38 shows a structura

diagramillustrative of tate of connection _of a sem conductor chip to
Fig. 13 shows a c1rcu1t example of a CMOS gated

R-S flip-flop within the internal logic block 21 in the
circuit of Fig. 6;
10 Figs. 14 to 17, 20 and 23 to 31 show diagrams
of various preferred forms of circuits of the level ' o
converter 201 of an input buffer 20;
Figs. 18, 19, 21 and 22 are examples of circuits
of the level converter 201 of an input buffer 20 which
15 do not form part of the present invention;
Figs. 32 to 34 and Fig. 36 show diagrams of
various preferred forms of circuits of the levei
converter 221 of an output buffer 21;
_ Fig. 35 shows a diagram of input and output
20 waveforms for defining first and second propagation
delay times tpHL* toLH?
Fig. 37 shows the layout of various circuit '
blocks on a semiconductor chip surface in a logic -

semiconductor integrated circuit; : A
25 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_LF_and connection of

bonding wires in a logic semiconductor integrated circuit;
Fig. 39 shows a diagram of the completibh of
30 a circuit resin moulding; and -
Fig. 40 shows a block diagram of an electronlc
system constructed in such a way that a preferred form
of circuit according to the present invention and
" another circuit are packaged on a printed circuit board.



s s e e s

the tab lead [err] of a lead frame [err] and connection -of bonding wires in
a loglic sem conductor integrated circuit; Fig. 39 shows a diagram of the
conpletion of 30 a‘circuit resin noulding; and Fig. 40 shows a bl ock o
di agfam of an él ectronic systemconstructed in such a way that a preferred
formof circuit according to the present .invention and another cigcuit are

pafkyged on a printed circuit board. f}fG- The logic integrate dircuit
sh in Fig. 6 includes a TTL - CMOS | evel conversion input buffer 20
whi ch executes an operation simlar to that of the input buffer 5 10 in

Figure 1, an internal |ogic block 21 which operates with CMOS | evel s
simlarly to the internal logic block 11 in Figure 1, and a CMOS - TTL

| evel conversion output buffer 22 which executes an operation similar to
that of the output buffer 12 in Figure 1. The respective 10 circuits

20, 21 and 22 are g Wddid inteynated (cigeuit’ shown inveligs Ghainddhdes
terminal No. 30_and are eaithe through terningl ﬁ?f 31 oThg.gﬂput buf f er
20 has a pl ur afi ByLor F¥MPS. COPEeTEIAPFPRPL BifeB40 whict 20n,
the respective 15 I nput s_of ich _are.conpec t Qat '
termnal No. 28Xecutes, 'ﬁRFrﬁggofgsiﬁglfﬁeggeggggt?geeéglgﬁ%gggpu&ﬁ?gh
are connegted st .t l,ategnal ..l agi C b bRl Ny rs
e, GO TRE" o Y el BEhe kel B KpBLe ST M M GORsh S
with CMOS levels similarly to the intermal logic block
11 in Figure 1, and a CMOS - TTL level conversion output
buffer 22 which executes an operation similar to that
of the output buffer 12 in Figure 1. The respective
10 circuits 20, 21 and 22 are fed with a supply w%oltage
VPG o: 5 volts through terminal No. 30,-and are
earthed “through terminal No. 31.
The input buffer 20 has a plurality of TTL -~ CMOS
level éonverters 201, 202, °**-++ 20n, the respective
15 inputs of which afe connected to terminsl No. 1, terminal
No. 2, ec+++ termingl No. 19 and the respective outputs

of whigh are connected with the intermal logic block

21 by aluminium wiring layers inside the circuit IC.

The intermal logic block 21 includes CMOS*NAND
20 - gates 211, 212, 213, 214, CMOS-NOR gates 21(f — 1), 21f,
and if necessary, CMOS exclusive OR gates, CMOS transmission
gates, CMOS inverters. | _ _
As shown in Figure 7 by way of example, the CMOSNAND
gate 211 is constructed of a pure CMOS circuit which includes

25 P-channel MOS FETs M1, M2 and N-channel MOS FETs M3, M4.



" 20 -gates 211, 212, 213, 214, CMOS. NOR gates 21( -1),[err] and if
necessary, CMOS exclusive OR gates, CMOS transm ssion gates, CMOS .
ir;‘}virters. As shown in Figure 7 by way of-exanple, the CMOS:NAND gate 211
i onstructed of a pure CMOS circuit which includes 25 P- channel MOS -
FETs [err] and N-channel MOS FETs [err] -17- Anot her exanple of the
CMOS- NAND gate 211 can be construct &d75f a quasi -CMOS circuit which furthgry
includes N-P-N transistors [err] and resistors [err] as shown in Figure 8N
Si nce such quasi-CMOS circuit has its output 5 st age conposed of the
bi pol ar transistors [err] the output drive ability is enhanced, and the

ese 2%@%3*%59‘;‘%%%#1’?1%: L S R 2?‘5%%27%%&?633 | gat ¢
_ | "o SExanp &, Re gat
I et S e s SV N

gate [ ¢irphsidtodd ”,Stéélgé:f& PbsisByfsi R ChECEhbwihigh further

i ncl udes N-P-N transh'st Lerr and r_es?éto s [err] 15 as shown in

Fi gur e piGureSBNCe Siyde Wit - (HhSicCHOSI éiratiti BaguUiby!t ofitpde conposed of

the bipolar transistors [err] "the output drive ability is enhhanced, and the

@t put sltagd eonpoised &P e Biep6Yarf tharspEboPgayl pnQds! tiet i me can be

| essened. 20 In the internal logic block 21, tfhese CMOS. NAND -
output drive ability is enhanced, and the output load

capacitance~dependency of the propagation delay time _ T
can be léssened. |
As shown in Figure 9 by way of example, the CMOS.NOR
10 gate 21} is constructed of = pure CMOS circuit which
includes P-channel MOS FETs M,l,-M?_ and N-channel MOS
FETs M;, M,. Another example of the CMOS-NOR gate 214
can be constructed of a quasi~CMOS circuit which further

includes N-P-N transistors Q,‘, Qz end resistors R1, 32 _

15 as shown in Figure 10. Since such quasi-CMOS circuit
has its output stage composed of the bipolar transistors o
Qs Q4 the output drive sbility is emhanced, and thé ™
output load capacitance—dependéncy of the propagation jO

delay time can be lessened.
20 " In the internmal logic block 21, these CMOS-NAND
gates:and CMOS-NOR gates are connected iﬁ 'varioﬁs forms
in accordance with the master slice type or the semi-ciz;tom
gate array type.
For example, an R-S flip-flop is constructed by
25 combining two of the CMOS-NAND gates as shown in Figure 11



gates and, CMOS. NOR gates are connected in various forms in accordance wth
the master slice type or the sem -customgate array type. For exanple, an
R-S'flip-flop is constructed by 25 conmbi ning two of the CMOS. NAND gates :
as shown in Figure 11 37 -18- or by conmbining two of the CMOS. NOR gates
as shown in Figure 12. Further, a gated RS flip-flop which is co trol | ed
byﬂﬂ' | ock signal Cis constructed by conﬁﬂﬁrng four of the CMOSNOR gates
as stfiown in Figure 13. 5 In this manner, in the logic

sem conductor integrated circuit 1C of the master slice type or the gate
array type conform-ng to the -needs of users, the outputs of the |evel

Chevar s osteabbromainiad St of "EynEHOSPHEATRafascil P,
M arly, | e IARe 121 el Pl g (g fBRY RLR°HID-HBTKREER §B0T C0
 ogi c block 2 - ' 222, .

of St he oot put To§eeTed By PlodCar il EORKCELRELraetea BT combinigg”
buffer 22 has f&ﬁiFBf”ﬁﬁéth . ét;gLaEe¥ﬁbwﬁoaﬁeTE 5§322?h 222, .. ...

22m the respective outputs o I ch are connected to teérm nal No. 20,

termnalsNo. 21, ..rn.thi#'MadPér N0in2the2fogic semicbhBueteenindeghaBbd’ €s
of the | evel converters

circuit IC of the master slice type or the gate array

type conforﬁing to the needs of users, the outputs of
the level converters 201, 202, °*++++ 20n of the input
buffer 20 and the inputs of the vérious gates or inverters
10 of the internal log;c block 21 are comnected in various
forms by altering only the wiring pattern thereof. Similarily,
the outputs of the various gates or inverters of the
internal logic block 21 and the inputs of the level
converters 221, 222, ++°*+* 22m of the output buffer
15 22 are connected in various forms.
The output buffer 22 has the plurality of CMOS - TTL
level an#erters 221, 222, *°+°*°*° 22m, the respectivé'

outputs of which are connected to terminal No. 20, terminal

O C

No. 21, **+++ terminal No. 29.

20 The essential features of the level converters

201, 202, -+++* 20n of the input buffer 20 ere as stated
below. .

(a) The input threshold voltage V. iy Of each of the
level converters 201, 202, --<-+ 20n is set between

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



201, 202, - 20n of. the input buffer 20 afe as stated below. (a) The .
I nput threshold voltage [err] of each of the | evel converters 201, S

: 2ng ..... 20n is set between 25 a TTL low level input voltage of. 0.8
volt and a TTL -19 - high level input voltage of 2.0 volts. (b) A first:
out put transistor, which executes the charge or discharge of the out put
capacitance Cs of each of the |evellonverters 201, 202 . ..... 20n in

5

response to an 5_input signal supglied to_the input termnal thereof, is ™ 4
forned bigla beyelatnPphn¥pitage[efrf-PcyolAsSsecond out put transistor which.

executes the_ charge of the output capacitance [err] of each of the |evel

convert-bérsAzﬁifgﬁoﬁuFPP?.F?agﬁﬁSFg t ¥R ghof SCH¥6§I§$etF§ﬁ§F§tor 10 @.
Furt her ritorious features _in_preferable aspects of performance of the
ovel  cOhverERaESRToroBhY’ Steple DERpEERPRRaR AT LR Sl SR S0 01 ot o

bet ow. {left SahoLEEXbasbierofbode. L2 capReghed piean dfis,ld base and

collector o I pol ar “ouf p fransistor [érr executes the

di SCbar%g%e{ ﬁ%&gsyt ngpgfeaci;&a%s kﬁgﬁk EBrhRadbebeddatm ) . (e) A

second ott arrler diode 1s connected between the base and coll ector
of a drfa@ﬁearaasgsbgﬁolarme}ghszgtggr@es to drive the base of the bipolar

output transistor with its output in re%ponse to the input signal supplied
(c) A second output transistor which executes the charge
of the.outpﬁt capacitance Cs of eéch of-ihe level convert-
ers 201, 202, ..... 20n is formed of a bipolar transistor o’
10 Q- |
Further, meritorious features in ﬁreférable
aspects of performance of the level converters 201, 202,
..... 20n of the input buffer 20 ére as stated below.
(a) A Schdttky barfier diode is.connected betweeﬁ the
15 base and collector of the bipolar outpuf transistor Q1
which executes the discharge 6f the output capacitance
Cq in the above item (b). --
{e) A second Schottky barrier diode is connected between :;:
the base and collector of a driver transistor Q, which
20 serves to drive the base of the bipolar outpﬁt transistor C:}
| % with its output in response to the input signal supplied
to the input terminal of each of the level converters
201, 202, ..... 20n.
- (f) The base signal or collector signal of the driver
25'transi's'tor'Q2 is transmitted to the base of the charging
bipolar output transistor Q; through a MOS buffer which

has a high input impedance and an amplifying function.



to the input. termnal of each of the |evel converters 201, 202 . ..... 20n.
(f) The base signal or collector signal of the driver 25 transi§@9r Qis..
transmitted to the base of the chargi ng bi polar output transistor” 3 .
t hrough a MOS buffer which has a high input inpedance and an anplifying

function. °~ -20- (g) A Schottky barrier diode [err] for level shift is
cqg:}cted bet ween the input term nal -opgeach of the | evel converters 201,
2084 .. ... 20n and the base of the driver transistor Q5 (h) A P-NP

emitter fol |l owég)tranScbostk dadrder NijodectDorfal dewelorshidtelishi ft D2
are connected between the input term nal of each of the |evel converters
201, 202, . CoppRCiRE bREVSSIe the dmeuh itssminadnakeRchoet mhsurleyels to

17, 20, and 23 to 31 show_di agr 10 of vgrious, circyits of_ the |evel -
converter 201 Sf’“f’ﬁétfeﬁﬁu?%l}uf 12@2"5'20 -accorrdh@id SRSt tg’fe e ver

pr esent inventiog. Fggure§ 18, 19, 21 and 22 are exanples of the |evel
converter 201 5F f'Ré iﬁﬁu 2Buf fer 20 which are out- side the scope of the

P oy A, L b ISR S el e e
oY T | o] eoBpeRichnn e s dmines 9] e MRS I rled
i's connected tenehenpathedenihnadin® S kE the level converters 201,
202, ...;. 20n and the base of the driver transistor Q-
1 | Figures 14 to 17, 20, and 23 to 31 show diagrams
10 oflvarious circuits of the level converter 201 of the
input buffer 20 accordiﬁg to embodiments of the present
iﬁvention. Figures 18, 19, 21 and 22 are examples of the
level converter 201 of the input buffer 20 which are out-
side the scope of the présent invention. All these level
15 converters have the essential features of the above items
(a) and (b). Fufther, these 1e§e1 converters have at
least one of the meritorious features of the above iteﬁs

(c) to (h).

In the level converter 201 of Figure 14, the input

O

20 terminal IN1 is connected to the cathode of the Schottky
barrier diode for level shift Dl’ the anode of which is
connected to the base of the driver transistor QZ' The
kind of the barrier metal of this diode'D1 and the barrier
area thereof are determined so as to.set the forward voltage

25 Vp thereof at 0.35 volt to 0.41 volt. The forward voltages

VF of the Schottky barrier diodes Di of the level converters

in ?igures 15 to 31 are similarly set at 0.35 volt to

0.41 volt.



barr|§¥ di ode for level shift D1, the anode of which is connected to the

base4

the driver transistor 2. The kind of the barrier netal

diode D and the barrier area thereof are deternined so as to set the .
forward voltage 25 VF thereof at 0.35 volt to 0.41 volt. The forward I
converters in

vol tages VF of the Schottky barrier diodes [err] of the level
Figures 15 to 31 are simlarly set at=#L-5 volt to 0.41 volt.

-21-

. Further, in the arrangenent of Figure 14, each of the driver transistor
[err] and t he di scharging output transistor [err] has a Schottky barrier
di ode D connected between the base and col |l ector thereof as indicated 5

by the hook- shataeAssh eﬁl?é?téfﬂﬁn%!ﬁ@ﬁt bbemgb 1%, 8a
cl anped transi stor prOV|ded wi th the Schottky

known,

t he

has a vessy tHeordrisieds mﬁsiﬁotnqéhmensnenaﬁahaﬂgﬂﬁgt éut {zenSI stors

havi ng hook-shaped base el ectrode §ynbols are such cl anped

transi sttxrensistor dax drsnhbtthyrnangzentaﬂbdernnebﬁheétéarr] i's :
connected to earth through a resistor of 5 kiloohns [err] for discharging
t he basdetweege thehdrams anttalklectort theneofingeninéicdtedgure 14, a
resistor 15 . of 18 kiloohns R11 and a resistor.of 2 kiloohnms R are

cofnect &F ithes Bco¥ks shapedepase eleptyode| syybolethéreofl.t hasanode of the

Schottky barrier diode D1. Thd. AUQCtIOQ Eetmeen tgedre5|§tors [err] and.
ransistor provided with the

[err] ii6 ®edAeknoym, the clampe

Schottky barrier diode in this manner has a very short

storage time. In the ensuing embodiments; transistors

having hook-shaped base electrode symbole are such clamped

10 transistors. The base of the dlscharglng output tran31stor

- & is connected to earth'thrcugh

a resistor of 5 kiloohms R10 for diecharging the base

charges thereof.

Besides, in the arrangement of Figﬁre 14, a resistor

15 of 18 kiloohms R11 and a resistor of 2 klloohms R12

are connected in series between the supply voltage V

and thp_anode of the Schottky barrier'diode D,.

1 me‘.

junction between the re515tors R11 and R12 is connected

to the gate of a P-channel MOS FET Mb10 which serves

cC-

20 . as a phase 1nverter, and the drain of which is connected

to the base of the charglng output trans;stor QB

Further, a diode D3_1s ‘connected in order to reliably

turn "off" the transistor__q3 when the level converter

201 produces its low level output. The output of the

25 level converter 201 at the emitter of the charging output

of this .~

Q

rrier d|o e |n this manner



to the'gate of a P-channel MOS FET [err] which serves 20 *-as a phase .
inverter, and the drain of which is connected to the base of the chargi ng .
output transistor@. Further, a diode D is connected in order to reliably
3 tutn "off" the transistor when the | evel converter 201 producegzlts

| ow | evel output. The output of the 25 | evel converter 201 at thée
en{E?er of the charging out put -22- transi@2tor [err] is connected to

th ut put capacitance [err] and is also connected to one input of the
CMOS- NAND gate 211 of the internal logic block 21. The emtter area of each
of the bipolar transistors 5 [err] and [err] is.set at 100 [err] to 144

2, and can also be set at a still smaller area. Further, the ratio WL of
each MOS FET itranfistion, Qg if cAnnested ;te fhe %tHH"v'e"EEEﬁ &BPEeto

10 exhi bi & ;rip%%g%?c’ 4% egpashed Fr The CRP: OF <56 CHSRARD
PP i e N s ot ZSpEZE{&éa'fﬁJ”fﬁé
or e one oot g a9 R
5 CH’ Q2 and Q3 is set at 100 Fm to 144 Pm s and can
also be set at a still smaller area. Further, the ratio
W/L of each MOS FET is set at a value of 32/3 to 64/3.
We have been able to demonstrate that the

embodiment of Figure 14 having the above arrangement

10 exhibits propagation delay times and the output capacitance-

dependencies thereof listed below:

t g, (for C;, = O pF) <<-+* 1.6 nsec

P
tpLH (for Cs.= O pF) *+++* 5.7 nsec
L _ __ eseee 0.4 nsec/pF
15 KLH . eeses 0.4 nsec/pF

It can be appreciated that the aforementioned

propaggtion delay- times tpHL’ t pg and output capacitance-

P
dependencies K, K o are excellent as compared with

O ¢

the characteristics of the input buffer 10 in Figure 2.

20 - Moreover, the level converter 201 in Figure 14
can attain desired characteristics for reasons stated below.
(a) The forward voltage V, of the Schottky barrier diode

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

1

voltages VBE1’ VﬁEZ oflthe transistors CH, Q2 are approximately

25 0.75 volt. Therefore, the inmput threshold voltage V.,



. the characteristics of- the input buffer 10 in Figure 2. 20 Mor eover,
the I evel converter 201 in Figure 14 can attain desired characteristics for

-reasodélstated below. (a) The forward voltage [err] of the Schottky . barrier
diode Dis set at 0.35 to 0.41 volt, and the base-enitter voltages [err], oOf
the transistors [err] are approxinately 25 0.75 volt. Therefore, the
i nput threshold voltage Vith =2323- of the |evel converter 201 is set as
follows: [err] = 1.09 to 1.15 volt (b) The output transistors [err] for
executing the 5 charge or discharge of the output capacitance [err] of
the |l evel converter 201 are forned of the bipolar transistors of |ow output
resi stapc Therefore, the s er at eeds can be raised or the
propag%fi&Pd%?&? t CRBYeTHeT, °s1h M r#P%tW%ut put capacitance- 10
dependenci es of %he propaq’atlo& del ay !{I mes can be | essened. (c) The
Schottky barrier 'fighd® I's n the base and collector of each
of the transistors [err] which are_drlven into their saturation regions.
Theref ore, when both &hd.O09arts t.di5s viedrtr | operate to switch from 15
"on" into "off", the storage tines can be shortened. (d) Wen the potenti al
of the(h@cﬁl@fou‘hpute!;rsnamt[omﬁr] an r#e‘-’rﬂ’!] exenuting tthey "of f" the phase

g

i nverting MOS PET [err] and the chargl output transistor B, current to
5% | ow fehawgtheonodisrhazgenelgdhe outpit wepsuitenae |C, of

the level converter 201 are formed of the bipolar transistors
of loﬁ output resistances. Therefore, the switching )
operation speeds can be raised or the propagation delay
times can be shortened, and the output capacitance-

10 dependencies of the propagation delay times can be léSSéned.
(c) The Schottky barrier diode is connected between

the base and collector of each of the transistors Q1, Qz
which are driven into their saturation regions. Therefore,

when both the transistors QH’ Q2 operate to switch from

15 ‘mon" into woff", the storage times can be Shortened.
(d)When'the poiential of the node of the resistors o
R,, mnd‘R rises to turn "offt the phase inverting T |
MOS FET M§10 and the charging output'transistor'qs..curreht <:}.

to flow from the node into the gate of the MOS FET"M?10'
20 becomes very small because the input impedance of the
gate of the MOS FET Mp10 is very high. Accordingly,

the embodiment enhances an operating speed for switching'
the charging output transistor Qé from "off® into m"onm®
when compared with a case of forming'the.phasé inverter

25 by the use of a bipolar transistor, not the MOS FET M 40°



20 + becones very snmall because the input inpedance of-the gate of the
MOS PET [err] I's very high. Accordingly, the enbodi nent enhances an.
operating .speed for switching the charging output transistor - from"of f"™
into "on" when conpared with a case of forming the phase inverter 2%3 by
the use of a bipolar transistor, not the MOS FET [err] -24- The | evel
co rter 201 of Figure 15 differs fronr2Aat of Figure 14 only in that
an er P-N junction diode D4 is added. Such addition of the diode D4 nakes
it possible to |ower the |ow | evel output voltage of 5 the | evel
converter still nore. Regarding the |evel converter 201 of Figure 15, the
propagati on delay tipes.and.the output c Ci e-_depen Il es fhereof
the° 1 §veduconpprter “B07 ot Pigure [ F5 EEF e g s

P2¥$]P?éh.conflrgig7 ni&gg%grgh:....O.A NSEC pF:éfﬁé%'P‘n' éh§§§§ pF
gurthe(rj, ﬁlsotﬁ‘@l(g% f fertePr’ﬂth’cﬁﬁﬁr%n % f I n

: ) , Fi 14,
Tre 1 ovel convERPaE Dat6r salhc” RudlF FRaFEefon Of | Bfe PRiad by 'MlkGs |, |
imes 20 and %t RerpBier e Al e IGRTLSIEL oSemly udLpRgalg O 0

converter i n Figgdl o¢81ha3%aviaee* YY1 11 8HoRe. f Ol | Ovs: :
Regarding the level converter 201 of Figure 15,

the propagation delay times and the output capacitance-

dépendencies thereof have been confirmed as follows.

10 tpHL (for_cs = 0 pF) +**+* 1.89 nsec
tpLH (for C, =0 pF) *°°°* 6.37 nsec
KHL o ceees 0.4 nseg/pF
KLH ' eesee 0.4 nsec/pF
FPurther, 2lso the level converter 201 of Figure 15
15 can attain desired characteristics for the same reasons
| as in the case of Figure 14.
~ The level .converter 201 of Figure 16 differs frém
{:) thﬁt of Figure 14 only in the collector connection of
the driver transistor Qz. The propagation delay times
20 “and their output capacitance-dependencies of such level

converter in Figure 16 have been confirmed as follows:
tpHL (for cs = O pF) +*+** 1.81 nsec
tpLH {for cs = O pF) ++°*+* 5.08 nsec
KHL : <+esee° 0.4 nsec/pF
25 KLE seeee 0.4 nsec/pF



‘[err] ..... 1.81 nsec ferr]..... 5.08 nsec [err]..... Q. 4 nsec/ pF .
,[enék ..... 0.4 nsec/pF -25- Also the level converter 201 of Figure 16 cah
*n desired characteristics for the same reasons as in the case of -
Figure 14. The | evel converter 201 of Figure 17 differs from5 ° that of -.

- Figure 15 only in that another N-P-N transistor is connected between the

drain of the phase inverting MOS H?ﬁTerr] and t he base of the charging <:>
output transistor [err]. The propagation delay tines and their output R
capaci tance- dependenci es of such |evel converter in Figure 17 have 10

been confirned as follows: [err]..... 2.01 nsec [err]..... 7.30 nsec

converier 20A18P BRSLAEVRL SRy emtar 20D et [IAtre 16 cpanpebtefRns ot or s
{r ansi SABPLF B PoRrResrdatas s For ¥he Vg ponkene e X Hle; of s
of 20 KER8SSE BHEUS Tl Ting a col ector current ie connected to the
col l'ector of phBe)LRARScohYeritdr 1201 of Figure 17 differs from
5 that of Figure 15 only in that another N-P-N transistor
quis.qonnected befween the drain of the phase inverting

MOS FET Mb1o and the base of the charging output transistor o

QB.' The propagation delay times and their output.capécitance- ™~
dependencies of such level converter in Figure 17 have
- .10 been confirmed as follows:
tpHL (for c,6 =0 PF) e¢eees 2,01 nsec
tpLE (for cs = 0 pF) ¢++++ 7.30 nsec
KHL seeees 0.4 nsec/pF
KLH . _ eeces 0,4 nsec/pF .
15 In the level converter 201 of Figure 18, the transistors
Q1, QZ are clamped transistors with Schottky barrier -
o’

diodes, snd the base of the discharging output trasnsistor

Q is connected to earth .U\Nusk : : O
the resistor of 5 kiloohms R1O for discharging base
20. _ chargeg. In addition, a resistor of 20 kiloohms‘R13
for limiting a collector current is connected to the
collector of the transistor.QZ, )
The resistor of 18 kiloohms R11 and the resistor of'

2 kiloohms R12 are connected in series between the supply

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



The resistor of 18 kiloohns [err] and the resistor of 2.kiloohms R are
connected in series between the supply 25 vol tage Vcc and the anode of

t he -Schot't ky barrier diode [err]. -26- The juncon between the resistors
[err] ,and [err] is connected to the gate of a P-channel MOS FET [err]
serving as a charging output transistor. In addition, the ratio MIL(ﬁ{§his

FE err] 5 The propagati on dek@¢~ti nes and their output

ca | tance- dependenci es of such |evel converter 201 in Figure 18 have
been confirned as follows: [err]..... 1.9 nsec [err]..... 2.9 nsec 10
[err]..... 0.4 nsec/pF [err]..... 1.3 nsec/pF Further, the level converter

201 'in Figure 18 can attain desired characteristics for reasons stated

bel ow. (a) Li %e=ijmacton betweane the Ebgds&ora,RQQeaMdpmH t Hisecionnected
voltage Vith of the |level converter 201 can be set at 1.09 to 1.15 volt.
(b) The out putotthesgater ofcer P~tbeannedc ¥OSnFEIh M di;ssexViDE @8 @he out put
capacitance [err] of the level converter 201 is fofnmed of the bipolar
transi stor of ¢esrgimguoubput tremsistamwee. InTpdddtdon, the

swi tching operation at_the discharge of the output capacitance can be
enhanced or th%fpﬁBﬁﬁgEEToH§QQléy gﬁﬂ@s can be shortened, and the out put

it -d denci f th ti
cang| ggice-depen e&ﬁéegrgpaga%igéogg gylggmes and their output capacitance-

dependencies of such level converter 201 in Figure'18

o have been confirmed as follows:
tpHL (for cs = O pF) ee+e« 1.9 nsec
tpLH (for Cg = O PF) +e¢vse 2.9 nsec
10 KHL secee 0.4 nsec/pF
KLH eeeees 1.3 nsec/pF

Further, the level converter 201 in Figure 18 can
attain desired cheracteristics for reasons stated below.
(a) Likewise to the case of Figure 14, the input threshold
15 voltage vith of the }evel converter 201 can be set at
1.09 to 1.15.volt. _
(b) ° Thé Sutput transistor < for executing the discﬁ£rgex

O ¢

of the output capacitance Cg of the level converter
201 is formed of the bipolar transistor of low output-

20 " pesistence. Therefore, the speed of a switching operation
at the discharge of the output capacitance can be, enhanced

or the p;opagation delay times can be shortened,-and

the-Sutpuﬁmggpacitance-dependencies of ﬁﬁe_propagation'
delgy times can be legsened.

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



‘delay times can be | essened. 25 (c) Likewse to the case of Figure 14,
the storage tines -27- of the transistors [err] can be shortened. I'n the
/el corverter 201 of Figure 19, the transistors [err] are -the clanped
transistors with the Schottky barrier diodes, and the base of the o
di schargi-ng out put 5 transistor [err] is connected to earth through’.
the resistor of 5 kil oohms Ro forZfi~schargi ng base charges. A | oad %
resi stor of 8 kiloohns R is connected to the collector of the transi storO
[err] and a resistor of 20 kiloohns R14 is incorporated between 10 t he
supply voltage [err] - and the anode of the Schottky barrier diode Dl. The

col | ect 'ﬁ%?ﬁ) ver At r | Ofg | pplied to the gate of an

N- chan d# ﬂ% { ﬁfrg r\gg'g’ atse ahQ%tFS’F?g out put tran5| stor. In

addi tion, o, T o042 4leS The
tid ¥ édﬁ@h§t§§ 2042 olS Fi ?@ 5%pen snsistorg™

propagatlon elay tTmes an el r odtput capac encies

evel gvay) tirehd Lfimpes 9ahay8t _f-ﬁnw‘i%ﬁf vchr.re%c%méyl ows: [err].....

1.1 nse¢ <<  * Qflerr]..... 8.6 nsec 20

[err]. parfiedr HUdeN, [&id] the bise B?e%hBFdE%hth%nﬂé“bdﬁﬁﬂ% converter
201 of Figure 19 can attain desired characteristics or reasons simlar to
those. itranddstare @ Iz BowndSted to ‘earth _
through the resistor of 5 kiloohms R1°_for discharging
base charges. A load resistor of 8 kiloohms Ryg is -
bonnected to the collector of the transistor Qz, and
a resistor of 20 kiloohms R,, is incorporated between

10 the supply voltage V and the anodé of the Schottky

cC

barrier diode D The collector signal of the driver

4 *
transistor Q2 is agpplied tolthe gate of an N-channel
MOS FET Hh12 which serves as a cﬁarging output fransistor.
In addition, the ratio W/L of this FET Mn12 is set at 64/3.

15 The propagation delay times and their outpu£ capacitance-

dependencies of such level converter 201 in Figure 19

have bgen confirmed as follows: . _ o/
tpHL (for c,6=0 PF) ¢++++ 1.1 nsec (:)
PLH (for Cg =0 pF) +ee+« 8.6 nsec
20 -~ KﬁL eeeee 0.3 nsec/pF
- KLH seeee 2 O nsec,pF

Further, the level converter 201 of Figure 19 can
attain desired characteristics for ressons’ similar to i

those in the case of Figure 18.
25 ° In the level converter 201 of Figure 20, the transistors



25 s * . In the level converter 201 of Flgure 20, the transistors - 28-
[err] ‘are similarly the clanped transistors, and the base of the

di schargi ng out put transistor [err] is connected to earth 47
throlugh the resistor of 5 kiloohns R10 for discharging base charges. A [oad
5 resistor of 10 kiloohnms [err] is connected to the collector of t he
tr4;;)stor [err], and the resistor of 20~%8toohns [err] is connected

bet W€en t he 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

reai stor of 203" SanAbeREI L MEIT, SAE Flted “trbarerore] %ﬁ{"?@rr]
The drai n i ng s oeNgnd3 disclgitfk (Sutlifs Opkn8lafof” ghangcly 15

[err] serving as an anplifier tra eratio r S

set at 64/3, andta e¢aststor of 10 klloohms R thwbiugh §Egvp§s:@§tgrlggd
resistor and also as a resistor for discharging the base charges of the

chargi ng bi pol g kadbphinst mngIf%&OHMdrgﬁ:gI%@sGteﬁai‘QeQD A 1dgddrain of
the FET [err] The propagati'On delay tinmes and their output capacitance-

dependen8i es obgsdehobemfl100kwmddhméKHHérnéﬁqpmﬁeeﬂe@ate tirencolbéctord

as follows: [err]..... 2.2 nsec 25 [err]..... 7.5 nsec
of the transistor Qz, and the registor of -20 kiloohms
,R14 is conpected between the supply volfage Vcc end
the anode of the Schottky barrier diode_D1.. The collector
signal of the driver transistor Q2 is applied to the

10 gate of an N-channel MOS EET Mh13 serving as an amplifier
traniiiﬁor, the ratio W/L of the FET Mh13 is set atl.
32/3, and a load resistor of 20 kiloohms Ryq is gonnected
to the drazin of the FET Mh13. The drain signal of the -
FET Mh13 is epplied tc the gate of a P-channel MCS FET

15 H§13 s;éving as an amplifier transistor, the ratio W/L
of the FET Mb13 is set at 64/3, and a resistor of 10

kiloohqs'n18 which serves as a load resistor and also

O ¢

as a resistor for discharging the bsgse chsrges of the
ch#rgiﬁg biﬁolar output transistor Qﬁ is connected to
20 . * the drain of the FET Mb13
The propagation delay tlmes and their output capacltance-
dependencies of such level converter 201 in Figure 20
have been confirmed as follows: -

tpHL (for cs = O pPF) c++++ 2.2 nsec

25 - LE (for Cs O PF) +ee++ 7.5 nsec

P



+-29- Jerr]..... 0.4 nsec/pF [err]..... 0.4 nsec/pF Further, the |level .
converter 201 in Figure 20 can attain desired characteristics for reasons

" stated ba@@mn 5 (a)Li kewi se to the case of Figure 14, the input, -
threshold voltage Vith of the I evel converter 201 can be set at 1.09 to 6 ~
1.15 volt. (b) Likewise to the case of Figure 14, the speed of a switchin
operation for the charge or di sch@®e of 10 t he out put capacitance _gf)
[err] can be enhanced or the propagation delay tines can be shortened, antw
t he out put capacitance- dependencies of the propagation delay tinmes can be
| essened. - (c). Likewse to the case of Figure 14, the storage tines of
the transistors [err] can be shortened. 15 (d), When the collector
potential of tkma&%}ver transistor [&77T Pi4cBs€6/8Fcrate the charging
out put transistor so as to "switch from"off" .intg "on", the amplifier
MOS FETS [err] arggerr] anmplify t ha*enanfe4oPseRdPEol | ect or potential of

(he ranststgr ] g {LatemL L e, L 39 Qo Sl To the base
i rect 18P TARidRE 1T SR ESHFERrBRe8y LPRe FoRRRERs FHE Bl BE1Ro the base
b et 48] oy TOGEE! G oWl Bl st a1
voltage V.., of the level converter 201 can be set at
1.09 to 1.15 volt. e = | ' v
(b) Likewise to the case of Figure 14, the speed of
a switching operation for the charge or discharge of
10 the outputzcapacitance cs can be énhgnced or the propagation
delay times can be'shpftened,'and the output capacitance-
dgpendehcies of.fhé'propagationidelay times can be lessened.
© (¢). Likewise ta the case of Figure 14, the étorage'times

of the tfansistors Q1, Q2 can hé'shortened.

15 (d) yhen the collector potential of the driver transistor
Q2 rises.to operate thg charging output'?ransistdi 93 ;}
so as to switch from "off" into "on®, the amplifier ~
MOS FETs M, and M, amplify the change of the collector @]

potential of the trensistor , and transmit the amplified
20 " signal to the‘;;se of _the transistor Qg‘ Moreover, since

the gate input impedance of ‘the MOS FET M, is very

high, a great base current is inhibited.from dipectly

flowing from the cgllectd: of the transistor Q, into

the base of the transistor‘gg. Therefore, the switching.
25 speed of the output trasnsistor Q3 can be enhahcedf

~/



~30-,Im the level converter 201 of Figure 21, and [err] indicate the
cl anped transistors and [err] indicates the Schottky barrier diode for

| evel .shift. The resistors [err] and [err] are respectively set at 5 -

Ki | oohms, 5 "~ 20 kil oohns and 8 kiloohns. The collector signal of4qhe
driver transistor @ is applied to both the gates of a P-channel MOS*FET
[efTN and an N-channel MOS FET [err] whi0h constitute a CMOS inverter

se ng 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 charging output transistor. The ratios WL of the FETs [err]

and [err] are respgCihkel el z?én@é’:‘@er%éf’ aﬁﬁ‘éﬁé‘é}’g’e ﬂ]g rogggat i on

delay tinmes and thelir output capacltance- ncies ®f such |eve

converter 201 b24&aaeat@é1ﬁ/%m&%ﬁmﬁs£8&&m ifditates 2. 02

nsec [err]..... .27 nsec [err]...." 0. 42 nsec/ pF

[err]..... 1. 3%nesgehbk thy Winidd adiede| Lawevéersiditi n Fhaupesfdterd
attain desired characteristics for the follow ng reasons: (a) Likewi se to

the case of Fi nahe RY, end | tard resspecitiveélyoseti 4t Hfkibeohnspl
converter 201 c beldet at 1.09 to 1.15 volt.
20 kiloohms and 8 kiloohms. The collector signal of
the driver transistor Q2 is applied to both the gates
of a P-channel MOS FET Mb14 and an N-channel MOS FET
H514 vhich constitute a CMOS inverter serving as a voltage
emplifier, and the drain signal of both the MOS FETs
10 M§14' Mn14 is applied to the gate of the P-channel MOS
FET Mb11 which serves as the charging output transistor.
The ratios W/L of the FETs M .., H;m 4 @0d M. sre respectively
set at 24/3, 22/3 and 64/3.
The propagation delay times and their output capacitance-

15 dependencies of such level converter 201 in Figure 21

have been confirmed ess follows:

¢

g . tpHL (for Cg

_{:> | tpLH (for Cs |
Ky seeee 0.42 nsec/pF

20 - | KLH cecece 1,32 nsec/pF

Further, the level converter 201 in Figure 21 can

0 PF) e¢e+se 2,02 nsec "

o pF)_-°--° 4.27 nsec

attain desired characteristics for the following reasons:
(a) Likewise to the case of Figure 14, the input threshold
voltage vith of the level converter 201 can be set at

25 1.09 to 1.15 volt.



-- 31 - (b) The output transistor [err] for executing the discharge of the
out put capacitance [err] of the |evel converter 201 is formed of the ' ’
" bip r transistor of low output resis- tance. Therefore, the speed of a
§;§m@t i ng operation at 5 the discharge of the output capaC|tance can be
-enhanced, or the propagation delay times can be shortened, and the out put
capaci t ance- dependenci es of the propagation delay tines can be |essened.
(c) Likewise to the case of Figure 14, the storage tines 10 of the
transistors [err] can be shortened, the level converter 201 of Figure
22, I ndi cates the clanped transistor as the di scharging output
transistor, and the cathode of the level-shifting Schottky barrier diode

[err] i's ggnaggt ‘aqt;,gtt 2 ahi2ldle ool Bl [iddutidy Rl Hisdrsdeld On di ode

[err] for |evel is connect ed lbetween t i"fode [err]

and the Bgsenaf cukPult! @apaieanke’ d oFSitHeoNedd) 'doriitdedf rdo1vwhi ch are
set at equal resistance values of 1& kiloohns are connected in series

bet ween ke foupRdy of0ha)®iped adnd ragidi sttr P dase Gutpir diexdes- D 20 and
[err] and a Schottky barrier diode [err] for discharging base charges is
connect etaheeueeThierefioreyt ther spesd IOl aara!v:lthﬂuh-@e:péramn ragnsi st or
[err] The junction between the resistors R and R is connected to the
gate Bf the Riskhaxge MISthET dudput cagaqitan;arqpnﬁberﬂphangqg.ng out put

tranS|stor and the ratio WL of
or the propagatlon delay times can be shortened, and the

output capac1tance—dependenc1es of the propagatlon delay Q;
tlmes can be lessened. -
(c) L1kew1se to the case of Figure 14, the storage tlmes

10 of the transistors Ql' Q2 can be shortened.

In the level converter 201 of Flgure 22, Q1 1nd1cates
the clamped transistor as the dlscharglng output transistor,
and the cathode of the 1eve1—Shifting-Scnottky barrier
diode D, is connected to the input terminal INI; A P-N

15 junction diode Dg for ‘level shift is connected between the
anode of the diode D, and the base of the transistor Q- o,
resistors ng and R20 which are set at equal resistance
values of 10 kiloohms are connected in series between the 1(:}
supply voltage Vee and both the anodes of the diodes b,

20 and D, and a Scnottkj barrier diode D, for discharging
base charges is connected between the input terminal IN1

and the base of the transistor Q. |
The junction between the resistors'R'19 and R,, is
connected to the gate of the P-channel MOS FET Mpii serv-

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



- 32; the FET [err] is set at 64/3. The propagation.delay times and their
out put capaci tance- dependenci es of such |evel converter in Figure 22 have

been confirned as follows: 5 [-err]..... 2. 44 nsec
[err}..... 5.41 nsec [err]..... 1.0 nsec/pF [err]..... 5.3 nsec/ pF
Further, the level cohverter 201 in Figure 22 can 10 attain desirs

chﬁ:ZCteristics for the following reasSéns: (a) The forward voltage [erT] of
t hsmbCchot t ky barrier diode [err] is set at 0.35 to 0.41 volt, the forward
voltage [err] of the P-N junction diode [err] is set at 0.75 volt, and the
base-emtter voltage [err] of. the transistor 15 [err] is 0.75 volt.

Therefore, the nput_threshqld vqltage r] of the level converter 201 for
turning "on" tﬁbetﬁgﬁbﬂanrgﬁbﬁéi q%;éiﬁgzw below [err] = 1.09 to 1.15

It 20 b h ' f ' he. di sch f
{he. out put  capaci t alEE PEFPREREICH ARLE T4 4RA TR AHEEY GAPhaAyance-
t put | st . _Th f » LhH i tchi ' [ ta del
Cimbs. can bo. CREPEBREACLAR Ot @SB Ay oA VIer i ey o2 gpee, ' ™
the propagat i ogogl Rrps ALY Poratiapred. - 33-

5 tpHL (for C, = O pP) <<+** 2.44 nsec
tpLH (for_cs = 0 pF) *+*+* 5.41 nsec
_ KHL eseee 1,0 nsec/pF
K g ceses 5.3 nsec/pF
Further, the level converter 201 in Figure 22 can
10 attain desired characteristics for the following reasons:
) (a) The forward voitage Viqof the Schottky barrier diode
D1 is set at 0.35 to 0.41 volt, the fprward voltage
V5 of the P-F junction diode Dy is set at 0.75 volt,
and the base—emitter_voltage VBE1 of the transistor
15 Q1 is 0.75 volt. -Therefore, the input threshold voltage

Vitn of the level converter 201 for turning "on" the

transigtdr QH is set as below: . .

Vith =~ Vpq + Vg5 + Vg
= 1.09 to 1.15 volt

O ¢

20 47 (b) The output transistor GH for executing the discharge
of the output capacitance cs is formed of the bipolar
transistor of low output reeistance. Therefore, the
switching times or.the propesgation delay times can be
shortened, end the output cspacitance-dependencies of

25 the propagation delay times csn be lessened.



«(c) Since the transisstor [err] 'is the clanped transistor, its storage .
time can be shortened. In the |evel converter 201 of Figure 23, [err] and

S Q2 H@@
-barrier
respect
si gnal
P- chann

both th
[err].

cate the clanped transistors, and D indicates 5 "t he Schot tky

di ode for level shift. The resistors R10, R14 and 15 are

ively set at 5 kil oobmas, 20 kiloohns and 8 kil oohms. The coIIector_

of the driver transi s8¢ Q.is applied to both the gates of the

el MOS FET [err] and N-channel MOS PET 10 14 whi ch constitut
the CMOS.inverter serving as the voltage anplifier,
e MOS FETs is applied to the gate of a switching P-channel MOS FET
The ratios WL of the FETs [err] and [err] - are respectively set

at 124(®, 3283ineted the Traffsistor cﬁ ighthdr elampetdptiranisber)OS PET

is appl

capaci t
been co
[err]..
| evel ¢
gor t he

10

15

20

25

ied to the base of the bipo

ance- dependenci es of such |evel converter in Figure 23 have 20

nfirmdn &bhef daweds cqnyerter 20% of RigurpeRd). ¢y. and 5 09 nsec
... 0.4 nsec/pF [err]..... 0.4 nsec/ PF 25 Furt her, the

_ ar transistor (B which serves as the
char gi ndtsusporageartsinet wan The ghopteneden-del ay tines and their out put

and the drain out put of

6?vépﬂé$8$91ﬁh¢F@%ﬁﬂnﬁ@3t359313t°8§a apdaly dpdicagesharacteristics = .

ol | owi ng. reasons
he SGhot%ky barrier diode for level shift. The resistors

R10’ 314 and 315 are respectively set at 5 kiloohms,
20 kiloohms and 8 kiloohms. The collector signsl of
the driver transistor Q is applied to both the gates:
of the P-channel MOS FET M?14 and N-channel MOS8 FET
Hh14 which constitute the CMOS inverter serving as the
voltage amplifier, and the drsin outﬁut of both the
MOS FETs is applied to the'gate of a sﬁitching P-channel
MOS FET'Mb15. The ratios W/L of the FETs M ,, M .,
and Mp15 are respectively set at 24/3, 32/3 and 64/3.
The drain output of the MOS FET Mb15 is epplied
to the base of the bipolar transistor Q3 which serv?s
as the{charging output transistor.
The propagation delay times and their output capacitance-

dependencies of such level converter in Figure 23 have

" been confirmed as follows:

tﬁHL (for cs =0 pF) -'?°-'5.07 nsec

tpLH'(for Ce = 0 pF) °*°*++ 5.09 nsec )
Kor, ~ ere+: 0.4 psec/pF |
Kn ' ceees 0.4 nsec/pF ..

Further, the level converter 201 in Figure 23 can



g e+

(a) leemnse to the case of Figure 14, the input threshold voltage Vith of
the Tevel converter 201 can be set at 1.09 to 1.15 volt. 5 (b) Likew se
to the case of Figure 14, the switching tinmes for-the charge and di scharge
of the output capacitance [err] or the propagation delay tines can be
shortened, and the output capacitance-dependencies of the prspagatlon del ay
ti can be | essened. 10 (c) Likew3%&to the case of Figumre 14, the
stsfige tinmes of the transistors [err] can be shortened. (d) Wen the

coll ector potential of the driver transistor [err] rises to operate the
charging output transistor [err] so as to switch from"off" into "on", the
CMOS inverter 15 [err] anplifies the change of the collector potenti al

of the transi sabttain dedirednshiaractieriatics ifed sshpnafoXlowing rewsoxis £ he
transi stor (3. Moreover, since the gate input inpedances of the MOSFETs
[err] are ver\{ahi gbikewjgseatobibe casecwf iFigurtd 14 cdthe dnpitt cthrtesinld
flowwng fromthe collector of the transistor [err] into the base of the
transi stor [er¥pltzger¥ie Fe ofh&hewleyelgonyenten 30l qan he setarkt stor

can be enhanced The | evel converter 201 of Figure 24 differs fromthat of
Figure 23 onl y3#R9t K8t 1sA8 ¥edstor of 10 kil oohms 25 R for '

Connect o6 bt uBdn LRESERE” 5Rq tom fede Gt tEmes s ihe @ritalipg aing
such Tevel times for the charge and discharge of the output capacitance
Cs or the propagation delay times can be shortened, and
the output capacitance-dependencies of the propagation
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. : ot
(d) - When the collector potential of the driver transistor
.Qz rises to operate the charging output traﬁsistor Q,3
s0 as to switch from "off" into "on", the CMOS inverter
15 Mb14' Hh14 amplifies the change of the collector potential
- of the transistor Q2 and transmits the amplified si;pal

to the jbase of the transistor Q. Moreover, since the

gate input impedances of the MGSFETs Mb14, Mh14 are
very high, a great base current is iphibited from directly
20 “flowing from the collector of the transistor G, into
the base of the transistor QB Therefore, the swztching
speed of the output trensistor - Q3 can be enhanced.
The level converter 201 of Figure 24 differs from
that of Figure 23 only in that the resistor of 10 kiloonms

25 ' R18 for discherging the base charges of the charging



-converter 201 in Figure 24, the propagation delay tines and their output

capaci t ance- dependenci es have been 5 confirnmed as follows: [err]..... .
6.2 nsec [err]..... 4.9 nsec [err]...... 0.4 nsec/pF [err]..... 0.4~
nSdp/pF 10 Further, the | evel-converter 201 in Figure 24 can attain

desired characteristics for reasons sinmilar to those in the case of Figure.
23. The level converter 201 of Figure 25 differs fromthat of Figure 24 ¢ 3
only in that the resistor [err]=3+ the 15 base charge di scharging
circuit of the discharging output transistor [err] is replaced with an
active pull-down circuit which s 'constructed of a resistor of 1.5 kil oobm
R a resistor of 3 kiloohns R20 and a cl anped transistor and that a Schottky
barri eroutput ftrenpsisdorniQyg e fonpeaked ‘hefwenn thabage andt he charging
out put transistor I s connected between The base of the transistor [err]
and t hee@bEter: of She f&ansdahion ds | erfagarding ey Lewel arr angenent . of
Figure 25, the propagatiqn delay tines. and their, output .

capaci tﬁﬁ%geﬁﬁﬁé’na@ﬂcij@s MEwe ahr %’9 PRRRAGSHAP 234y bimes - 36-

Lerrl . ina their®odthiE’ chpaditance-dependendias hdve becnt NS¢/ PF

5 confirméd as follows:

thL (for ¢, = O PF) *°e++ 6.2 nsec

tpLH (for C, = O PF) e¢e+*+ 4.9 nsec B | '
K. | o cesse q.4 nsec/pF
KLH seees 0.4 nsec/pF.

10 - Further, the level -converter 201 in Figure 24 can

attain desired characteristics for reasons similar to
those in the case of Figure 23.
The level converter 201 of Figure 25 differs from

that of Figure 24 only in that the resistor R‘l of the

0
15 base charge discharging circuit of the discharging output

transistor Q, is replasced with an active pull-down circuit =

. . . ., v
which 3s constructed of a resistor of 1.5 kiloohm R1_9,
a resistor of 3 kiloohms R,o and a clamped transistor O

Qgs and that a Schottky barrier diode D7 fdr -discharging

20 “the base charges of the charging output transistor Qs-
is connected between the bas'.e of the transistor Q‘3 and
the col_lector of the transistor 02‘. " Regarding such
arrengement .or'Figure 25, the propagation delay times
and their output capacitance-dependencies have been

25 confirmed as follows:



lerels. ... 0.4 nsec/pF 5 Further, the level converter 201 in
Flgufe 25 can attain desired characterlstlcs for reasons simlar to those
in-the case of Figure 23. The | evel converter 201 of Figure 26 differs from
that of Figure 24 only in that the discharging resistor 10 [err] S

repl aced with the same active pull-down circuit as the active puII-%@gn
gi?u he

C It [err] in Figure 25. -Regardi ng3&uch arrangenent of Figure 2

p agation delay times and their output capacitance-dependenci es have been
confirnmed as follows: 15 [err]..... - 8.62 nsec [err].....
4.7 nsec [err]..... 4 nsec/ pF Q [err]..... - 0.4 nsec/pF
Further, the | evel convgrter n F| 26,Qan 0 ttain desired
characteristics for reégﬁﬂs gf%% Qs fo tégge in thé gagg gf Fi gure 23. The
| evel converter 201 sh 27, ph dest. i BQBaggkkansi stors [err]
and [err] which are resppbﬂl ?9 Fnegdls arging ogtgut transi stor, driver
transi stor 25 and ghar gi ng out put tranS|sLQL,oa Spkeki/ky barrler

-37- diode D for |evel ift; a P-Njunction diode EB reg?stors [err] .and

[err] having val ues of f esi stance of 20 k||OthEw 9.4 haeBypF 10 kil oohms
and 10 kil oohns respect ly; a P-channel MOS FET

5 PFurther, the level converter 201 in Figure 25 can
attain desired characteristics for reasons similar to
those in the c#se of Figure 23.
The level converter 201 of Figure 26 differs from
that of Figure 24 only in that the discharging resistor
10 R10 is replaced with the same active pyll-down circuit '
as the active pull-down circuit R19, RZO’ Qg ?n Figure 25.
-Regarding'suqh arrangement of Figure 26, the propagation
delay times and their output capacitance-dependencies
have been confirmed as follow;:
15 tpEL (for Cg = o ?F) esees 8,62 nsec
tpLH (for Cg = O pF) °**** 4.7 nsec

It

g :'KHL ceess 0.4 nsec/pF -

.{:), ' Kig . eeees 0.4 nsec/pF
Further, the level converter 201 in Figure 26 can

20 “ attain desired characteristics for reasbns similar to

those in the case of Figure 23.

The level converter 201 shown in F:Lg. 27, 1nc1udes-
bipolar t;an51stors.Qi,_Q2fand Q3 which are respectively
the discharging output transistor, driver transistor -

25 and charging output transistor, a Schottky parrier



5 M 16; and an N-channel MOS FET [err]. In this circuit both the ratios
WL of the two FETs [err] and [err] are set at equal values of 32/3. In the
'C|r§tyt shown in Fig. 27, the transistors [err] and constitute an. -

- anplifier of 10 the quasi-CNCS inverter type of |ow output resistance. . "

The propagation delay times and their output capacitance-dependencies of
such | evel converter 201 in Fig. 27 ra¥/&~ been confirned as follows:

[err].... 5.48 nsec 15 q&ﬁ ..... 23 nsecé*err] .. 0.37 o
nsec/ pF [err] diod Q)Q#Bfr%reé‘v’%lﬁﬁb( act%'l\‘e]}tﬂc‘@fﬁw kede O in Fig. 27
can attain desired char cterlstlcg%fozﬁgfason ed bel ow. (a) the
forward vol tadrtfs[’esrtr‘i % ]Ilh’e Fa@ro rﬁm ‘E?dbg[‘@"r ﬁe?s" et at 0.35 to

0.41 volt, tg; e VBE2 ﬁe tran tor at 0.75 volt,
and the forwa sie‘tagrbg rﬁ\bodﬁt‘ a)'tq}%mfg"l\l Lﬁfb ?}H“% l%)’dlec&“ St 0.75
volt. Therefgy ltdﬁqu ’bQ#{msI w%&‘y@l 29e yéﬁrgﬁ? 1 Wfod ef\iell converter
201 concernlng e operati on of ransistor [err] is
set as faqll OWCM [e'”énd‘a]n Q- dranhe® MY FET M 1g- In this circuit
both the ranlos W/L of the two FETs Mp16 and M6
are set at equal values of 32/3. ' '
In the circnit shown in Fig. 27, the transistors

Mp16' M q,gr @ and Q; constitune an amplifier of o/

10 the quasi-CMOS inverter type of low output resistance.
'”The propagation delay timés and their dutput

capacitance~-dependencies of such level converter -

201 in Fig. 27 have been,cbnfirmed'as follows:

tomL (for c =0 pF) ..... 5.48 nsec
15 ' tpLH (for c_ =0 pF) «e+.. 5.23 nsec

Ky, _ ' «eee. 0.37 nsec/pF

Ko | cess. 0.38 nsec/pF

" Further, the level converter 201 in Fig. Q;

27'can15t§§in desired characteristics for reasons

20 stated below. '<:) X
(a) the forward voltage'Vfl ofnthe Schottky barrier
diode D, is set at 0.35 to 0.41 volt, the base-emitter
voltage Vp., of the transistor Q, at 0.75 volt,
and the forward voltage Vés of the P-N junction -

25 diode Dy at 0.75 volt. Therefore, the input threshold
voltage Vith of the level converter 201 concerning

the on-of £



. (b) .The output transistors [err] for executing the 5 - charge or
dlscharge of the output capacitance [err] are fornmed of the bipolar é;@
transi'stors of |ow output resistances. Therefore, the switching operation’
spéeds can be enhanced or the propagation delay tinmes can be shortened, and
the out put capaci t ance- dependenci es of the propagation 10 delay tines
be | essened. (c) Since the transistors38§-err] are the cl anped
t sistors, their storage tines can be shortened. (d) Since the change of
the collector potential of the driver transistor [err] is anplified and

then transmtted 15 to the output end by the quasi-CMOS inverter [err]
[err] , the chan s of _ an ut vef orm can he_enhanced. The
level convert &P Iﬂoé &é 2%"'%‘??#’]% grf&gnf?hﬁ oFnggaie"’E? only in
that the coIIector | oad 20 - hﬁptra I stor is not fornmed of the
resistor R16, but is fort of P an Hit®es D, D10 and a resistor

of 5 kil oohns R23. The propagglifqb + @nd thelr out put
capaci t ance- dependenci es of suc ev con in Figure 28 have been

cont e s T ety nse@qeraesi_s_t%rﬁsn e%s et %
Furtherg the lc®iadigeC @ Filstthade |d¥ KN GutSut afapacitance C, are
formed of the bipolar transistors of low output resistances.
Therefore, the switching opersdation speedé can.be enhanced
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 CH’ Qz are the clampeq_transistors,
their storage times can be shortened. .o
(d) Since the change of the collector potential of the
driver transistor Q2 iS'amplified and then transmitted
15 to the output end by the quasi-CMOS inverter Mf16’ M£16’

QB’ Q1, the changing speed of an output waveform can

C

be- enh%nced. ' , K

-{:} The level converter 201 of Figure 28 di:fers from

B that of Figure 27 only in that the collector load of

20 *the trensistor Q, is not formed of the resistor R,g» Dut
is formed of P-N junction diodes D9, D10 end a resistor
of 5 kiloohms 323. The proPEgation delay times and
their output capacitance-dependencies of such level
converter in Figure 28 have been confirmed as follows:

25 ' tpHL (for Cg = O pF) +cc-- 6.66 nsee



5 attain desired characteristics for reasons simlar to those in the

case of Figure 27. The level converter 201 of Figure 29 differs fromthat~

of Figure 23 only in the point of connecting the P-N junction diode D "for
relﬁﬁgly turning "off" the 3 10 transistor [err] and in the point of , '~
connecting the Schottky barrier diode [err] for discharging the base

charges of the transistor @B. Rey3d?di ng such | evel converter 201 in Flgure<:>
29, the propagation delay tines and their output capacitance-dependencies
have been confirmed 15 as follows: [err]..... 1.72 nsec [err]
5.44 nsec [err]..... '0.32 nsec/pF [err]..... 0. 29 nsec/ PF 20
Further ,the IeveI converter 201 n gure 29,c attain desired
characteristics f& Ugea(é‘(ﬁ% é\ {i) hose +h‘?¢ifés%§se of Figure 23. The

|l evel converter 201 of Figure 30 dlffers jIp t hat ure 29 only in
that the resistor r] in Figure 29 25 _ rB ‘E%?Q{c?%g by a resistor of"’

25 kil oohns R24 a -40- a resjstor of. 5. and that the
resistor [err] is%gﬂbstltuted by a P—channelkﬁkgfgﬁﬁ'fyér] whose ratio WL
5,58t 2 e SI0id' 2 R (Gt E 06 98 FhiguretpBCokad el ement of

the transi st
5 attain desired characteristics for reasons similar to

those in the case.of_Figuré 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

10 transistor Q_3 and in the point of connectipg the Schottky

barrier diode D1_for discharging Fhe base charges of
the transistor Qs; Regarding such level converter 201
in Figure 29, the propagation delay times and their
output capacitance-dependencies have been confirmed

15 gs follows:

tpHL (for c, =20 pF) *°**** 1.72 nsec . ; N

tpLH (for Cq O pPF) e¢+*++ 5,44 nsec -
Ko, _ “eesees 0.32 nsec/pF {:}
Kg | . eeese 0,29 nsec/pF - ' ‘
20 * Further,sthe level converter 201 in Figure 29 can

attain desired characteristics for reasons similar to

those in the csse of Figure_é}. | :

.The level converter 201 of Figure 30 differs-from.
that of Figure 29 only in that the resistor R14 in Figure 29

25 - is substituted by a resistor of 25 kiloohms R,, and



5 the voltage gain of the anplifier [err] becones a very large val ue.
" Regérding such arrangenent of Fig. 30, the propagation delay tines ,and,
t heir out put capacitance-dependenci es have been confirned as follows: 10

[err] ..... 2.2. nsec [err] ..... 5.2 nsec [err] ..... 0.4 nsect/ pF
[erf]... 0.3 nsect/pF Further, the level converter 201 in Fig. 30 lgiﬁ can
a in desired characteristics for reasons <408l ar to those in the &e of

and [err] which are clanpe ransi stors, \
charging 20  out putRyy diisisshftitutedky & A-abennslc MQS FEETP My R whioseer

foll ower transistor;rail afa Qavied d 24 Shotdined aiid FETIM ra®ée!
shift; a diode D2 which. s a P-Nj vel-s.hiﬂ%g@(’?iodem

i di od I
which is a P-N junctd®rFhf ;s f%nf"rc‘i ﬁ%}"éﬁ‘g“ e°f{ (i RFaRREEOR, [
transistor B;s5a di ate RbMWigh gaim ot e lamplaifiear glj 0dg, ,f-0bedomesi ag
; \ e i 1 ; : , | .
esi st ance. val ues: arbrb e Whind oy ReR g sddy ﬂﬁ%’{. et o

Fig. 30, the propagation delay times and their output

23. The | | ; ' ' 31,4 : '
o oo SR B g ey s

capacitance~dependencies have been confirmed as
follows:

t

10 pﬁL (for C_ = 0 pF) ..... 2.2. nsec

{for Cg 0 pF) ..... 5.2 nsec

ton
Kur, eesss 0.4 nsect/pF
K

- : eeee. 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 transisto: Q3 which is the charging

20 output transistor; a transistor Q, which is a P-N-P
emitter follower transistor; a diode D1 which is
a Schottky barrier diode for level shift; a diode
?2 which is a P-N junction diode for level shift;
. _ a diode D3 which is a P-N junction diode for reliably
{::P 25 turning "off" the transistor Q3; a diode D8 which
' is a Schottky barrier diode for clamping minus

(T

noise at the input terminal; resistors Rigv R;g
and Ro6 which resistance values are respectively
set at 5 kiloohms,



‘8 kil oohns and 20 kil oohns. The collector signal of the driver transistor
Q@ is applgd to both the gates of the P-channel MOS PET [err] and
N- channel MOB PET which constitute the CMOS inverter serving.as the 5

_voltage anplifier, and the drain output of which is applied to the gate of .,

the sw tching P-channel MOB FET [err]. The ratios WL of the FETs [err]
and [err] are respectively set at=414/3, 32/3 and 64/3. The drain output of
the MOS FET [err] is applied to the base of 10 t he bi pol ar transistor

serving as the charging output transistor. The propagation delay tines and

t heir out put capacitance- dependencies of such | evel converter 201 in

Fi gure. 31 e been conflirmned foll re]..... 1.94

- 3.84 ﬁsg&f’ ..... d’20 iiio %EF Sﬁlﬂl %gef'ﬁ??] signad 3& nsec/ pF

[err] 0 ns F .Fyrthe Vv nverifer 201 ipn Figure 31 can
at' B8 arggfr"r a&ﬂé erdzsti Hﬁf?%ag 3n °é’9 8 8&F8%. (a) The

58[?’?”8%%%2%%@%%" it 0 BrERbe 08 BB, & appr ot mat ol y

eapect Magac VEEEES cBpRtiERs Fne %ﬁ%%%%%i‘?%ﬁ?e”]agf T
5 voltage amplifier, and the drain output of which is
applied to the gate of the switching P-channel MOS FET
¥p15' The ratios W/L of the FETs gp14’ M4, and Mp15
are respectively set at 24/3, 32/3 and 64/3. The drain
output of the MOS FET Mb15 is applied to the base of
10 the bipolar transistor Qs serving as the charging output
transistor.
The propagation deley times and their oufput capacitance-
dependencies of such level converter 201 in Figure 31

have been confirmed es follows:

15 _ tpHL (for Cs = 0_pF) esees 1,94 - 3.84 nsec
tpLH (for Cg = O PpF) ***+~ 4.64 - 5.44 nsec

b K, . _ .eseees 0.38 nsec/pF

KiH o ;---- 0.30 neec[pF

Further, the level converter 201 in Figure 31 can
20 ’attain'desired eharecteristies for reasbns stated below.

(a) The forward voltage VF1

diode D1 is 0.35 to 0.41 voit, the forward voltage sz

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

of the Schottky barrier

and the base-emitter voltages VBE1’ VEEZ BE4

25 the respective transistors qh, Qz end Q4.are approximately

end V of

(€



0.75 volt. Therefore, the |nput threshold voltage Vith at which the,
transi stors [err] are turned "on" becomes as follows: [err] 5

= 1.5 volt (b) The output transistors [err] for executing the dis- charge
or. chargg of the output capacitance [err] are formed of the bigpl ar
transi~stors of | ow dutput resistances: Therefore, the speeds of sw tching
ati'ons can be 10 enhanced or the propagation delay tinmes can be
rtened, and the output capacitance-depgadenci es of the propagation del ay
times can be | essened. (c) Since the transistors [err] are the clanped
tran- sistors, their storage tines can be shortened. 15 (d) Wen the

col I ector potenjif wilthe fhdréfodd Arcistipdertirediicla o layeaty Lh
chargi ng bipolar output transistor [err] to switch from"off" intd ,

the CMOS invertgf wiidH Aremirdnsistdes %n@? dré henrmed et hedomds aI of
the transistor [err] and transmts the anplifTed signal to 20 the base of

the transi stor derfdllowds eover, the gate input inpedances of the MOS FETs
[err] are very high and inhibit the direct flow of a great base current

fromthe collector of the ¥ygnststdipg)ihtVpsht Ygee diVade tran- sistor
@3, and a base current is supplied to the base of 25 the transistor [err]
through the 3 ow ON-resistance = k25 -valt

(b) The output transistors Ql' Q5 for executing the dis-
charge or charge of the output capacitance Cs are fqrmed
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.fransistors Q,, Q, are the clamped tran-
sistofs, their storage times can be shortened.

15 (d) When the collector potential of the driver transistor
Q2 rises to operate the charging bipolar output transistor
Q; to switch from "off" into "on", the CMOS inverter Mp14,

Moys amplifies the change of the collector potential of

O ¢

' the transistor Q, and transmits the amplified signal to
20 the base of the transistor Q3. Moreover, the gate input

jimpedaﬁces of the MOS FETs Mp14, Mn14 are very ﬁigh and
inhibit the direct flow of a great base current from the
collector of thé transistor 02 into the base of the tran-
sistor Q3, and a basé current is supplied to the bése of

25 the transistor'Q_3 through the low ON-resistance



~of the PET [err]. Therefore, the switching speed of the output transistor,
[err] can be enhanced. Figure 3 shows with dot-and-dash |ines the output
-capaC|tEabe- dependenci es of the propagation delay tines of the |evel,
converters illustrated in Figures 14, 19, 22 and 31. It is understood that .
the output capacitance-dependency of either of the first and second
propagation delay tinmes is inproved. There will now be expl ai ned the _C:>
plurality of CMOS - TTL 10 | evel ®mverters 221, 222, ..... 22m of

the output buffer 22 in Figure 6. The essenti al features of these |evel
converters 221, 222, ..... 22m are as stated below. (a) The input

t hreshol d voIt H%Err] of each of the level converters 221, 222,

22m i s ektthe f Fhemefoney |theeswikohing Bregl @f 0.6 volt and
hi gh Ievel output ?a e of 4.4 volts. (hB) An output transi stor, which

execut ekhe Iﬂ?ﬁﬂ%%hﬁ?ﬁ%séﬁtPﬁeanﬁﬁﬁ hﬁxﬁﬁhﬁﬂﬁﬂﬂ YRS 13 of each of the

| evel cqnverters 221, 222 Lnh res se to ut 20 si gna
suppl i 3PYWR (R (Aot -erdrdash gt%fthq s°"'ft§t (fQHaéjt{]H ar transistor.

ool cirmatdaned 88 ot S8be’ Bropadiity Hyah MRS otk B5e LU o st ot e
b}gom’ ohvetdrs' 11 HstPRYbd EBF%@%E%é§'¥%¥t1é, ZPNARE S, betveen 63
It.is understood that the output cﬁpacitance-dependenoy |
of either of the first and second propagation delay
times is 1mproved.
There w111 now be explalned the plurallty of CMOS - TTL
10 level converters 221, 222, ceces 22m of the output buffer
22 in Figure 6. The essential features of these level
converters 221, 222, coves 22m are &s stated below.
(a) The input threshold volté@e Vith of each of the
level convefﬁers 221,.222, cecee 22m is set between.
15 2 CMOS low level output voltage of 0.6 volt and high
level output voltage of 4.4 volts;_ _ -
(b) Anjoufput t:ansistor, which executes the dischafgé.
of the output load.capacitance Cx of each ofﬂthe level (:}
converters 221, 222, +*°++* 22m in response to an input
20 “signal supplied to the input terminal thereof, is-formed
of a bipolar .tran'sistor.
Further, meritorious feotu:es in preferable aspects
of performance of the level conuerters 221, 222, -
22m of the .output buffer 22 ore és otated below.

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



the putpyt of the internal logic block 21 and the base of a driver
transi.stor -[err] for driving the base of a dischargi ng output transistor
[err] '(d) -The high’input inpedance circuit in the above item(c) 5 " .has
the>function of logically processing a plurality of output signals frgpmthe
i nternal logic block 21. (e) The dlscharglng output transistor [err] and
tﬁgiyriver transistor [err] are -formed of~ anped transi stors provi ded

" Schottky barrier diodes. 10 (f) An output transistor [err] for
charging the output |oad capacitance Cis forned of a bipolar transistor.
(g) The level converter has the function of sinultaneously turning "of f"

fﬂergééﬁﬂiégi% Sl GFTBh éa%“‘; o} hi e ﬂ%oﬁsﬁg;“t : enkBe; ??&LOLSTLL
output term her WndlitoR RYaatd Uge bPVE

= 3 fver Hind §0ue, b P

.E?Sﬁ?égeéz 5 ﬁyygégé) éﬁ%sgée ¢ E%anplegeof 20 UtgfﬁcL?:g]of
.the level converter tﬁéﬁ f% ?# Qﬁ according to enbodi ments of
the present ifaenidn ems (a) L ﬁ) E@N¥erEfit B3venkhepevecntedl

features of the above i Furt her, these | evel convertgps
.have at ¢ easthonen¥ flifetEin (O | DS éﬂlﬁfﬁfoeésbﬁlﬁgzﬁ plabayetytems (c)

to (h). -45- The | evel converter 221 shown in Fig )
of output signals from the internal loglc block 21.
(e) The discharging output transistor Qo &nd the driver
transistor CH1 ﬁre formed of clamped transistors provided
with Schottky barrier diodes. _

10' (£) An output transistor Q12 for charging the output
load capacitance cx is formed of a bipolat transistor.
(g) The level converter has the function of simultaneously
turning_ﬁoff" the discharging output transistor Q10
and the charging output transistor CHZ in response to

1S a control signsal, thereby to control the corresponding

output terminal, e. g., OUT1 into a floating state.

(h) The, level converters 221, 222, =++-+ 22m are of °

_the open collector output form.
Figures 32 to 34 snd Figure 36 show various examples of
20 “circuits of the level converter 221 of the output buffer
22 according to embodiments of the present invention. All
these level converters have the essential features of the
above items (a) and (b). Further, these level convertérs
have at least one of the meritorious features of the

25 . above items (c) to (h).



I ncl udes; an output transistor | O for discharging the output |oad )
capacitance C; a driver transistor for driving the transistor an

out put ﬁéﬁhSlstor 5 [err] for-charging the output |oad capacitance [err];
and a current anplifying transistor [err] for transmttig the col l ector , '~

. signal change of the transistor [err] to the base of the transistor Q12

Resi stors R and R31 together with the-45snsistor Ql4 constitute 10 an §:>
active pull-down cir t f dﬁﬁnﬁg ' e f the transisto
[err]. The circuit a $o |n§ udes a t%]:glé-zteim t?ﬁns%sst(?r ‘QA15; a

col | ector resiiqidudrey @n WERY tHanssyan ﬂlc a‘-qreﬁwarm@gf or
di schar gi ng ”’c‘beb%ﬁﬁ NG aphiviltihdd emS-l d Ariver trapdi®tdyy barrier

di ode [err] for d| th base char of the transistor
o o a1 Ay the o R AT o O R anB A Ry
and [err] s a:}}&’dm%dmﬁ athd e:rurﬂput dfoddecdparitiasion dgrr] 20

Q

e e M A B MR L T S

21, this gate
FETs [err] i $hepmdldeaten mg‘narlstcmqe @f dthe m;anﬁltstoeimq fier transistor
Qis; the out puio Endibddi FRRMREAAIIY 5. Bt twe second

emtter of the transistor Hfrr and the out k& o NAND gate 213
is applied toaltk Ry tPesh qﬁﬂ“%ﬁhtqﬂgtFﬁﬂﬂﬁ%ﬁﬁﬂr Qﬁq]c°nﬂﬁ§qqiﬁa
converter 281 airuiivg/pulladowiDicirdyit feav ligehumyirigiGhe.

base charges of the transister QlO' The circuit o
also includes a multi-emitter transistor Q,.; a o/
collector resistor R32 of the transistor'Qll: a
resistor R33 for discharging the base charges of

15 the tran51stor le, a Schottky barrier diode D10
for dlscharglng the base charges of the transistor
le, a re51stor R34 for limiting the collector
currents of the transistors le and 013, and a base
resistor R35 of the transistor 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, ., Mz-and N-channel
MOS FETs M3, My, is applied to the first emitter

% of the multi=emitter transistor le, the output '

25 pf ‘the CMOS«NAND gate 212 is applied to the second
emitter of the transistor 015, an@fthe output of (:)J
the CMOS+NAND gate 213 is applied to the third emitter
of the transistor Q;5- The level converter 221

- accordingly has, not only a level converting.



,-46-, function, but also a logical processing function as a 3-input NAND
gate.” Moreover, the level converter 221 in Figure 32 can attain desired

characteristics for reasons stated below. 5 (a) The base-emtter :~
volt'age V BE15 of the transistor is approximately 0.75 volt, the
base-col | ector voltage [err] of the transistor I s approxi mately
0, volt, and the base-enmtter voltages T##T] and [err] of theggﬁspective
tresi stors [err] and [err] are approxinmately 10 0.75"vol t. erefore,
the input threshold voltage Vith of the |evel converter 221 is set as
follows: [err] = - 0.75 + 0.55 + 0.75 + 0.75 = 1.3 volt 15 (b) The

out put transigtors err whi ch execute the discharge or charge of the
output |oad ¢ B‘&’E'H%‘Lceb toplsRe g 081 PEOCESSing TInctian &3 of the

"bi pol ar transistors o out put resistances. Therefore, the speeds of
swi t chi ng opeta Téﬂgugahxgb Bfft&nced or the 20 propagation delay times

o opagat i on dol ay BRFERVERs 54 260k PR AT Bt (orr)ana

Lerr] are the,g)a pedih’ 8031568 2hatllEterist iAW Adr Tea¥¥hs Statdd below.

short ened.
5 (a) The base-emitter voltage VBE15 of the transistor

Q15 is spproximstely 0.75 volt, the base-collector voltage

_ _ VBG15 of the transistor Q15 is epproximately 0.55 volt,

and the base-emitter voltages VBE10 and vaﬂ1 of the

respective transistors Qo &nd Q,, are approximately
10 0.75 volt. Therefore, the input threshold voltage

vith of the level converter 221 is set as follows:

Vith = ~ YBE1s * VBcs + VBE11 * VBE10
= = 0.75 + 0.55 + 0.75 + 0.75

1.3 volt

15 (b) The output transistors o 2 wpnich execute the
. discharge or charge of the butput load capacitance cx
of the:le¥31 converter 221, are formed of the bipolaf

transistors of low output resistances. Therefore, the

O«

speeds of switching operations cen be enhanced or the

20 “propagation delay times can be shortened, and the output
capacitance-dependencies of the propagation delay times
can be lessened. .
(c) Since the transistors Qor Yq» Y3 Gy 20d G5
ere the clamped transistors, their storage times can

25 be shortened.



e-47- (d) Since the multi-emtter transistor has the | ogi cal
proces§¥ag,function, the design versatility of the |ogic sem conductor’
integrated circuit 1C of the master slice type or the gate array type s

_enhanced. 5 In such | evel converter 221 of Figure 32, however,
‘when the out put of the CMOS. NAND gate 211 is at its low |level, alarge
current of 0.4 nillianpere cont+#éédes to flow fromthe supply voltage [err] /7y
to the output end of the CMOS-NAND gate 211 through-the resistor R as 35
10 wel|l as the base-emtter junction of the transistor [err].

Therefore, the ratios WL of the N-channel MOS FETs [err] of the CMOS- NAND

orr) . Gol's Yundln ot 17 Fmd FHEF ERape] 56T Mygoiad REG0BLORY the
i nt ted ci it AC v ook ' .93, ti h di d
that oREasia g, SRaion: Hincaesids bt s g Wi Int MG, [orr)
i | 1ol 2 te 211 | duced. Fi

33" shows B EEPRqEd DRy EREERe P o B BV, 30 07 BB amales) ANRHCH) o beer
devel op dﬁdywyﬂétégéﬁﬂ%gia ngﬁnggngnggﬁgghged above, and in which the

mul ti-em“tter transi err ure I's substituted by the high

i gput i npeda IdEWdvdP FEPLehN881 0804 ez NG davddure 33, such

hi gh i nput irr%:ﬁlce 25 é)%?rcﬁlkt igégonst\?‘l} e( (?’TZ'P-N{‘% iérfgut

transi si@jeh [t®le’ loutput of the CMOS-NAND gate 211 is st its
low level, ajarge current of 0.4 milliampere continues

to flow from the supply voltage V.. to the output end

cC
of the CMOS-NAND gate 211 through the resistor R

35 48
10 well as the base-emitter jqnction of the transistor
Q15‘ Therefore, the ratios W/L of the N-channel MOS
FETs M3, M4 of the CMQS°NANDZgate"211 must be set at
large values of 100/3 so as to lower ON-resistances
RON' This incurs lowering in the density of intggration

15 of the integrated circuit IC. Moreover, from invesfiga-

tions we have discovered = that, since the geste capaci-

Q)

tances‘_of' -both the MOS FETs H3 and M4 increase,__'the"
switching speed of the CMOS-NAND gate 211 is reduced. .(:}
Figure 33 shows a circuit diagram of the level |
20 * converter 221 which has been developed in order to solve:
the problems described ebove, and in which the multi-emitter
transistor cas in Figure 32-is substituted by the high o
input impedance circuit to be explained below. B
Referring to Figure 33, such high input impedance

25 circuit is constructed of P-N-P input transistors Q17, Qg2



3-48-;§n NP-Nemtter follower transistor [err] Schottky barrier diodes
[err] and resistors [err] Further, the |evel converter 221 includes a L
control ¢ircuit whi'ch is constructed of a P-N-P transistor [err] 5 ' ‘4n
N-P-N transistor [err], a P-Njunction diode D and a resistor R38" and

which serves to caontrol the output ternminal OUT1 into the floating state.
Thgfgase of the P-N-P transistor CQO‘Gp‘this control circuit is qtiven by
th nabl e signal EN of the CMOS 10 inverter [err] in the inbgtnal

| ogic block 21, this inverter being conposed of a P-channel MOS FET [err]
and an N-channel MOS FET Ms. The input of such CMOS inverter [err] is

supplied wit e NP el £t &P afb E1 Sweh atr&hei st6P Nl , , SEelaetthySbepries!

circuit has been. added 15 to the level convertet¥221, a P-N-P input
transi stor afgicie Wit KyDpardnérrésbstors Rgéf a$§p B?€Ed to the
af orenenti oned highi\1 ut edance circuit.“Accorti ngt'y, when the enable

si gnal EN becones FurstHery | thvellevék tomverterr221[imcludes fecohtfOl of

‘the level converter 221 turn "off" at the sanme tine, so that the output
‘termnal OUTkirddist iwhich his f¢emstngctedtef ©nP+NePothemshatar Ghgn the
-enabl e signal EN becones its high level, the level converter 221 simlarly
-has 255 a arodi-FxilN gieansts bor fQuei i anPal junctigntdiede Bayeand - 40-

AN to the pforementioned high input impedance circuit.

) .

a resistor 338' gnd which serves to control the output
terminal OUT1 into the floating stsate.
The base of the P-N-P transistor S0 of this control
circuit is driven by the .enable signal EN of the CMOS
10 inverter 21l in the internal logic block 21, this inverter
° being composed of a P-channel MOS FET ﬁ; and an N-channel
MOS FET M.. The input of such CMOS inverter 21( is
supplied with the inverted ensble signal EN.
Further, since this control circuit has been sdded
15 to the level converter 221, a P-N-P input transistor
0;19 and a Schottky barrier diode D13 are also added
(:): " Accordingly, when the ensble signal EN becomes
its low level, the transistors QHO' Q11, Q12 and Q13
20 ‘of the level converter 221 turn "off" gt the same time,
so that the output terminal OUT1 falls into the flqating'
state. .
On the 6ther hend, when the enable signal EN becomes
its high level, the level converter 221.similer1y has

25 a logical processing function as a 2-input NAKD gate,.



»S0 that the design versatility of the |ntegrated circuit ICis enhanced. |
Furtﬁﬁm the forward voltages [err] of the respective Schottky barrier -~
~di odes [err] 5 . are 0.351to 0.41 volt, the base-emtter .voltages V ferr]
of the respective P-N-P input transistors [err] are approximately 0.75 -
volt, and the base- emitter voltages [err] of the respective N-P-N
transistors [err] are approxinatel y-§345 10 volt. Therefore, the input
threshol d voltage Vith at which the transistors [err] and [err] turn "on%
inrelation to, e.g.,the -output voltage of the CMOS. NAND gate 211 applied
to the base of the P-N-P transistor becones as follows: [err] 15

= 1.5 volt Mreover, the output transistors [err] for executing the
di scharge wfatcIWegQiéﬁz?hevenSauﬁ.lﬁ.egdoramhel iategrheed] cireuier med of the
bi pol ar transistors of |ow output resistances. Therefore, the sw tching
speeds IGaisenMancednhanced or the propagation delay tines can be
shortened, and the output capacitance-dependenci es of the propagati on del ay
tines can [Furitéesgncthe |forueirdi valtagese FQe.tNﬁqéhsﬂgﬁ§ P€rr] and [err]
are the clanped -transistors, their delay {inmes can hortened. 25

From i rbhasmegm@ivﬂ/vesmﬁwthm arriar, ledESODﬁveE.‘\gl:t Byighe | evel
converter 221 of Fk?ure 33, an unnegligible

5 0.35 to 0.41 volt, the base-emitter voltages VBE17’
VBE18’ 75319 of the respective P-N-P input transistors
Q17’ZQH8’-QH9 are approzimately.0.75 volt, and the base~ : ;;
emitter volteges vBE10’ vBE11?
N-P-H trensistors Q10’ CH1’ QHS ere apprOximetely 0.75

VBE16 of the respective

10 volt. Therefore, the imput threshold voltage vith

which the transistors Q,, and ¢, turn "on" in relation to,

at

_e.g.,the.output voltage of the CMOS-NAND gate 211 spplied
to the base of the P-N-P transistor CH% becomes es follows:

Vieh = = VBe17 * VBE16 * VBE11 * VBEI10
15 = 1.5 volt
Mbreover, the output transistors Q10’ Q12 for executlng -~
the dlscharge or charge of the output load capacitance
Cx are formee of the bipolgr trensistors cf 1ow output (;}_
resistances. Therefore, the switching speeds can be | '
20 “enhanced or the_propagation delay times can be shortened,

and the output capacitance-dependencies of the pr0pegaticn

delay times can be lessened. In addltlon, since the
““trensistors %40 Q11, Q13, GH4 and QHG ere the clamped
"transzstors, their delay times can.be snortened. '

25 From 1nvestlgat1on, we have noted that,



,curreft simlarly flows fromthe base of the P-N-P input transistor Cl7 to
t he but put .end of the CMOS-NAND gate 211 when the output of this qugggll
is*at the low level, 5 so the ‘foregoi ng probl ens cannot be perfecYly
solrved. Figure 34 shows the |evel converter 221 which has been finally
devel oped in order to 'solve such problens substantially perfectly. The
Thi-emitter transistor [err] in Figure382 is replaced with the high input
[ dance 10 circuit which is constructed of MOS FETs as expl ai ned
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 di ode D14.

and the gaios T8 dyen, B Jevly (dveiencand STOFIRRRETSY WA AAAfeLfaibe
211,212, 213 Qfyddimd [Welo™ I dipi ~F- N ti
diode D is S{mnectﬁe ﬁi@é%ﬁi?lﬁﬂﬁ%ﬁéﬁg? nﬁgggrggl gg? hi;'.hﬁzg m‘g@c on
Resi stors [e”ﬂréﬁﬁiﬁz‘]qﬁ{ 3:67%%%@% &84 8t £nki bﬂﬁb”ﬁwﬂ gatoohns,

10 kil oohns, 4 kil oohns, 5 ohns and 16 kil oohns. The emttér areas of

the transistor®q [wierd tHE dBPUtRIor rEDeCEave! 215cisaht 6¥Be[ Bow] level,
132[err], 363 [err] , 187 [err] and 242 [err] 25 Further, in such

| evel cgnvertajo Xte foreciig iproblertd -camhétcbet perfegtlypsoresdi ng
function still nore, a secomf(iﬁ\MH transi stor Q20 which has an enmtter
area Figure 34 shows the level converter 221 which has
been finally developed in order to solve such problems
substantially perfectly. The multi-emitter transistor
Q15 in Figure 32 is replaced with the high input impedance
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, M12,
M13 and a P-N junction diodg D14. The drain-source

15 paths of the FETs M1f, M12, M are connected in parallel,

13
and the gates thereof are .respectively comnected to

s the CMQS-NAND gates 211,%212;:213 of the internal logic

O "~ block 21. In addition, the P-N junction diode D,, is
connected in series with the drain-source paths.

20 . Resistors RSO’ R31, 332: R33, R34 and 335 are respectively

set at 2 kiloohms, 4 kiloohms, 10 kiloohms, 4 kiloohms,
50 - 75 ohms and 16 kiloohms. The emitter sreas of
the transistors Q1°, Q11, QHZ? ‘%3 and Q14 are respectively
set at 672 ng’ 132 sz, 363 sz, 187 sz end 242 rmg.

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



‘equal to that of the driver transistor I's connected in parallel with
the trgnhgi stor and a second high 5 i nput i npedance circuit is -*
prrovi ded which is constructed of N-channel MOS FETS [err] a ‘P-N junction
..diode D15 and a resistor |ikewise to the foregoing high input inpedance -.
circuit. This |evel converter 221 has a |l ogic processing function as a ’
6-1i nput conplex 10 gate ciredilt. Further, a control circuit is
simlarly added to this level converter 221, the control circuit serving toOw
control the output terminal [err] into the floating state when the |evel
converter is supplied with the 15 enable signal EN of low |level from
constructed of an

he i h |
E}ghéﬂheé’;%g #ﬁfeth‘k"cZ%rP}zglﬁéﬁ%%g%ro ¢ rCUI%&EI’Eﬁ%’{fﬁr] ‘and Schot t ky
221
of i gurSeEHE, i bverrthendlstor G Hﬁisk B, o SIS EAT (3R89 ospeot i ve
f F | 2.5 |
Dot veen THattRE ?gv?vtl 230 outﬁ%&tv‘%f‘?aé’]élo? ma A SR s ign

| evel OLEﬂ’%aifQiiéﬂewiih theCkrandi%ebhsS o Lhe gl | O%ﬁ\]ﬁ(dnq)fhf FETS

[err]..... [err] - are set as stated1d8l ow.

t Iy eshol ghpiet t%@édéﬂéboéli'éﬁ:fq% g&vilded - wh:‘.[c?ﬁ' ri]Osf "i:ro%sgﬁtu&ted

approxi mately 5 volt, the forward voltage [err
of N-channel MOS FETs M 14° EHS’ M15, e P-N junction

diodg D15 and a resistor R39 likewise to the foregoing
high input impedance circuit. This level converter
221 has a logic processing function as a 6-input complex
10 gate circuit. |

Further, s control circuit is similarly added to
this level converter 221, the coﬁfrol circuit serving

to control the output terminal OUT, into the floating

1
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

N-chanqei MOS FET M17, transistors QQ1’ sz, st, rééistors N

340: R41, 342, R433 and Schottky barrier diodes D16’ : C:)

Dy7> Dygs Dyg-

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 M{1,"'°°' M16'at the middle_
value of 2.5 volts between the CMOS low level output -
voltege of 0.6 volt snd the CMOS high level output voltage

25 of 4.4 volts, the ratios W/L of the FETs M11, tecee M16



. the, P-Njunction diode D14 is set-at 0.75 volt, and the 5 channel
conductances. [err] of the FETs [err]..... [err] are set at 60 x 10 6  ~
[I/ohnmi. A case where only the MOS FET M is "on" will be considered, " and
the-gate voltage [err] gate-source voltage [err] drain current ID, dr/di n
voltage [err] etc. thereof wll 10 be calculated. At this time, the FET
] is supposed to be biased in its saturation region. VX =VGS + VF14

.N(1) Aferr] FromEquations (1) and £282 ferr] Considered as the input
threshold voltage is the voltage [err] which corresponds to the fact that
the vol- 20 tage [err] lowers due to rise in the voltage [err] resulting
in the turn-of f age S tasapsiafed ddlow. RAte this time + dde [thueshaldnhi ch
the transistors [err] turn "off" is evaluated as follows: [err] 25

From Equati ons VOLtASES Hpy ©of the RESS Miprom-equathgnfT®)sen@t(6), [err]
Substituting into equation (7). the caonditions of 5 err bei ng 5
volts, [err] aﬁ@ﬂﬁéﬁﬂmQﬁﬁﬁigQ17ﬁ5Wéiﬁ'|FQ%1f°rward voléﬁge]VF14 of

the P-N junction diode D14 is set at 0.75 volt, and the

5 channel cbnductances,ﬂo.of the FETS My, «eecenne M e

are set at 60 x 107% [1/0hm].

A case where only the MOS FET M,, is "on" will be

considered, and the gate voltage V,, gate-source voltage
VGS’ drain current ID' drain voltage VY etc. thereof will
10 be calculated. At this time, the FET M, is supposed to

be biased in its saturation region.

VX=VGS+VF14 '-.. (1)

P | .
-_— —oiw. '_

Ip = 3 Ves™ V)2 cee (2)

From Equations (1) and (2),
R B W ' 2 -
{;} Considered as the input threshold voltage is the

voltage Vx which corresponds té the fact that the vol-

20 tage V, lowers due to rise in the voltage Vyr resulting

in the turn-off of the transistors Q10' Qll'

Y
Q11 turn "off" is evaluated as follows:

The drain voltage V,, at which the transistérs Qlo;

" V¢ = Vee11 * VeR10O - --- (5)

25 'From Equations (3) and (5),



‘being 16 kiloohns, [err] being 60 x 106 [1/ehn), Vx being 2.5 volts, [err],
being 0.75 volt and [err] being 0.75 volt, [err] Thus, T
converter 221 can be set at 2.5 volts by
settlng?ghe ratios WL of the FETs [err]..... [err] at 22/3. 15 The’ -
erbodi nent of Figure 34 having the above arrangenent has been confirmed
to exhibit the propagation det33r tines and the out put

threshol d voltage of the |evel

capaci t ance- dependenci es thereof as |isted below [err].....

t

he i nput

[err]..... - 7.8 nsec -54- Jerr]..... 0. 11 nsec/pF [err]..... 0.01
nsec/ pF Figure 5 shows wi th dot-and-dash I'ines the out put
: capacitanCe-dependenciﬁi of the propa%atlon delay 5 tines of the |evel

i e BEﬂhlus

BEMOd in Figure 34.

converter 221 of tﬂs e
that the respecti dgutput  CapRg
second propagation-delay tines

[err]..... [err]are set |n,govrespondqnce with the sup

resi stance [err] t €
[err] of the MOS HETs M

pe

tance- dependencies [err]’ of

| oad

under st ood
Jﬁé first and

rr] are inproved. The level converter 221

bl ow () ARt (49RRECRENT W1 G Tthe vos

ds WL of the MOS FETs -

reasons stated

y vol tage Vcc, the

. Jerr] . and threshold voltaqﬁ%)

Po (Vg = Vpqy

V )é

Substituting into equatidn (7) the conditions of

being 5 volts, V.

S Ve BE1

1

end VBE10

being 0.75 volt, R

35

being 16 kiloohms, ﬁo'being 60 x 10 -6 [Lkﬂmﬂ, Yy being

2.5 volts, VF14

being 0.75 volt and V,

5 —0.75 = 0.75 . 2

TH

106 R

1

being 0.75 volt,

=

16 x 103

3.5 3.4
m°2$10°—-2-

—

X
60

(2.5 = 0.75 — 0.75)2

10
10 = g5 * 10°
= 7.29 5
Tpus, the input threshold voltage of the level -
converter 221 can be set at 2.5 volts by setting the
ratios W/L of the FETs M,,, *°°°° M, at 22/3.

15 . The embodimgnt of Figure 34 havipg the sbove arrangement
has been confirmed to exhibit.the propagation
delay times and the output éapacitance-dependencies thereof
a8 listed below. .

tpHL (for c,6 =0 PF) <-+++ 8.8 nsec
20 pLH (for Cg = O pF) +++++ 7.8 nsec

C



, 15, < [err] and the forward voltage VF14 of the diode D14 concerning the
base:eni'tter voltages [err] of the transistors [err] whereby the I nput

threshold vol tage of the. level converter 221 can be set at 2. 5 vol'ts which --

i s-between 0.6 volt and 4.4 volts. 20 (b) The out put tranS|§hprs [err]
mhlch execute the di scharge and charge of the output |oad capacitance [err]
formed of the bipolar transistors ob4row out put resistances. Therefore,
t swi t ching operation speeds can be enhanced or the propagation del ay
times can be 25 shortened, and the output capacitance-dependencies of
74 -55- the propagation delay tinmes can be reduced. (c) The high input
| npedance circuit. including the MOS FET [err] is connected between the
base of the driver tranBggtor [err] and tH&°Sdt Putttomaees/pFt ernal | ogic
5 bl ock 21. Therefore, current to flow fromthe gate of the MOS PET '
[err] to the output ofxiﬁe CMOS. NAND gat e 222 °0f Q.01 mmew/p® | ogi ¢ bl ock
21 can be reduced to. a negligible |level, and conspi cuous increase in the
ratio WL of the NFiguneep BBBwBEWSthf dolteetiica@baANDllihes ddtec diftputan be
prevented. (d) Since the MOS FETs [err] of "'the high input inpedance circuit
execut e 3-i npleadReapget tanke-Hepeudenpiescosi fef propags tdfon idelagyel
converter 221 is enhanced. (e) Since also the two driver transistors [err]
execute 9 times of the level converter 221 of the embodiment illustrated

in Figure 34.. It is understood that the respective
output eépacitance-dependencies KEL’ Ktﬂ of the first
and second prepagation delay times tpHL’ tﬁLH are improved.
The level converter 221 in Figure 34 can attain
10 desired characteristics for reasons ststed below.
(a) As described sbove, the ratios W/L of the MOS FETs

M sesne M16 are set in correspondence with the supply'

11°?
voltage VCC’ the resistance 335, the channel conductances

ﬁ% end threshold voltages VTH

15 M16’ and the forwesrd voltage Vf 14
the base-emitter voltages va10’ VBE11 |
o0’ Q41,'whereby the input threshold voltage of the -

of the MOS FETs M11, secee
of the diode D14 conce}ning

of the transisters

{:) - level converter 221 can be set st 2.5 volts which is
| between 0.6 volt and 4.4 volts.
20° " (p) The output transistors Yor Y1 which execute the
discharge ahd charge of the eutput load capscitence cx
sre formed of the bipolar transistors of low output
_resistances; Therefore, the sﬁitching operation speeds

can be enhanced or the propagation delsy times can be

- 28 shortened, and the output capacitance-dependencies of
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Ic, the | ogical processing function of the | evel converter 221 is
Paned (f)Sine the transistors [err] are the clanped tranS|stors

orage tines can be shortened. (g)By bringing the enable signal -
e low'level, 20 the output transistors [err] of the |evel

er 221 are sinultaneously turned "off* so that the output terninal
Ils into the floating state. ¥Fh&s, in a parallel operation wherein
tput terminal OUT1 and the output term nal of another logic circuit

shown, are connected, the signal |evel of the output O

rm nal CUT can be made i ndependent of the output of the internal

Lock 21. re irc exa | e_of the | evel converter
3% i §°P5 ééjggm?ﬁﬂﬁg t%% Sed cedpresent i nvention.

tﬁ%’"ﬁ@f?mh?#l# ot e f OLFEREE %ﬁséﬁ?%*gﬁduc PoRofD ot at o
T Maciid CRHRER Kp kol BHE BB of Uit AR OgE o ough &

I 0) h t t ed,
nggteg?egaf $1 %’% ‘?’g‘gﬁ‘}ﬁ af'gbhEOineéfﬁnahb giges ricte

I circuit [err] 1Is constructed of
p16RK' 29, dinelatefOré] guivbht: €61 F16W FréMSthkOgake’r] clanped

tors [err] ‘to [err] resistors 15 [err] to [err] and a P-N
8fdthdeMDS FED My, Openthe output of the CMOS-NAND gate

211 of the intermal logic block 21 can be reduced to .

a negligible level, and conspieupus increase in the

ratio W/L of the N-channel MOS FETs of the cnos-nm

gate 211 can be prevented. |

(d) since the MOS FETs M 11° M40 M13 of the hlgh 1nput
impedance circuit execute 3-input CR loglc, tne loglcal
process1ng functlon of the level converter 221 is enhanced.
(e)Since also the two driver trgnszstors Q42 Gg execute
AND 1ogic, thellogical proceesing function of the level
converter 221 is more enhanced.

(f)S:Ln‘ce the transistors Q‘o, Q“, Q13,_Q14, Q2° are

the clamped transistors, their storsge times can be shortened.

(g) By bringing the ensble signal EN into the low level,

.the output transistors Q10, CHZ of the level ‘converter

221 are s1mu1taneously turned "off", so that the ~output.
terminal OUT falls into the floating state. Thus, in

a parallel operation wherein this output terminal OUT1

_and the output terminal of enother logic circuit, not

25

shown, are connected, the signal level of the output

@

o/



. collLector output, the collector of the output transistor is tconnected to
terntnal’ No. 43 serving as an output terminal. Inside the circuit I1C,
however, no circuit elenment is connected between the supply volt “lerr]
20-and the collector of the output transistor [err] The |evel codwerter 221
of Figure 36 is fornmed quite simlarly to the |evel converter 221 of Figure
3 xcept that, inside the circuit IC, +®6-=<€ircuit elenment is connected

b en the supply voltage [err] and the 25 col |l ector of the output
transistor [err] - 57- 0 Thus, the
output termnals of the circuit IC and those of the circuit I1C are

dq i p ] : : : ' Wtion. th

output ¢ ransi SR bty Fa e Jup 88 FhaBPebty B kne BuRERE' IO ThE

turned "of f" {%:éﬁéiﬁﬂ JT?féE*%ebf?gﬂab1EN into the |ow | evel, whereby
e outpu n

t he | evel of erm efr] can be made i ndependent of the

out put of the i nt gffiakng O Calbbeka 231 EulYT BxEhpdeOBe tHE havent of the

various circuit blo In the front surface of a sem conductor chip

of the |ogi C sEHIGHURIZD] A PHEILE! hhdtherCenbbadiens bife tBeesent
i nvention. In the central part (an area enclosed witha broken line [err] of

the sesi condyspedentiihvéitions | Thersatphd terminedi OURL ook Lhikormed of
the CMOS circuit (pure CMOS circuit or quasi-CMOS circui't) is arranged. in

t he level converter is comnected in common with the output

o terminal of another TTL level logic semiconductor integrated

circuit IC!' of the open collector output type, and the
common connection point is comnected to the supply voltage

10 Voo ©f 5 volts through a load resistor of 2 kiloohms R,

cC 00°

Although not especially restricted, the open collector
output type TTL level circuit IC' is constructed of
Schottky barrier diodes Dy,
transistor Q4°; clemped transistors q41 to Q44, resistors

DZ, Ds" g multi-emitter

15 R40 to 344, and a P-N junction diode D4. As an open-
collector output, the .collector of the output trsnsistor
S Q43 is,connected.to @erminal No. 43 serving as an ou%put
<;> terminal. Inside the circuit IC?t, hpwever, no circuit
element is connected between the supply voltage Vcc
20 -and the collector of the output transistor Q43.
The level converter 221 of Figure 36 is formed
quitétsimilarly to the level converter 221 of Figure 34
except ‘that, inside the circuit IC, no circuit element

is connected between the supply voltage V.. and the

cC
25 collector of the output transistor g .



upper edge part (an area enclosed with a broken line 1) of the

sem conductor chip 300, the plurality of input |evel converters as shown in*

: FlgurelBl (i ndi cated 20 ~ by triangles whose inner parts are hatched)

- and the plurality of output |evel converters as shown in Figure 34

(indicated by triangles whose inner parts are white) are arranged

alternately. Likew se, in each of the~$7ght edge part (an area encl osed -~
with a broken line 25 [err] | ower edge part (anh area enclosed with a (:)
br oken -58- line [err] and left edge part (an area enclosed with a

broken line 4) of the sem conductor chip 300, the plurality of input |evel

' I I
converters acuaiguTekd ELHLE Thialtgliccl WA ORI Ve,
upper - edggomar ﬁg[ bkl clbea%nwa@%ef QonhdRitled (i EHAlmPY S quar es of

thick solid correspondi ng i'n nunber to the input l'evel converters

and bondighe aad&afl%douhbuas ofl Rdirealied DYnS @EAItI o?f, the output 10
l'ines) corresponding in nynber to the output |evel converters are arranged.

The i nputrpaststof offptthel @evlelCeOnYBirdier @21 HENE e bHIG! I espondi ng
I nput bondi ng pads, il e the output parts thereof confront the internal
| 8gi ¢ bl tuenegd, "af@ "t by brpogipgr theokntbd eostijgmz1l ENelinton\biiet ers 15
confront the internal ic block 21, while the output parts thereof
confront19Heléﬁﬁlesﬁbﬁaﬁgg &bﬁp&Bvbénan@hﬁa@ytnuqﬂhﬂnmmng} of i nput

bondi ng Bads and a pluralit
o can be made independent of the output of the internal

logic block 21.
Figure_§7 shiows the lsyout of the various circuit blocks
10 in the front surface of a ;emi_cbndu_ctor chip of the
logic semiconductor integrated circuit IC embodying
the present invention.
' In the centrasl part (an area enclosed with a broken
line lo) of the semiconductor chip 300, the internal
15 logic block 21 formed of the CMOS circuit (pure CHOS
circuit or quesi-CMOS circuit) is arranged. In the
upper edge part (sn area enclosed with a broken line’ ' ';Q
%) of the semiconductor chip 300, the plurality of
input level converters ss shown in Figure 31 (indicated
20 . by triengles whose inner parts are hatched) end the
Plurality of output level converters as shown in Figure 34
(indicated by triesngles whose inner parts are white)
are arranged alternately. Likekisg, in each of the
right edgg part (an ares enclosed with a broken line.

25 12), lower edgé part (an area enclosed with & broken



.of autput bonding pads on the yight of the right edge part [err] a
plurality of input bonding pads and a plurality 20 * of output bonding
pads below the | ower edge part [err] and a plurality of inpujsbonding
pads~and a plurality of output bonding pads on the left of the 1 &ft edge
part [err] are arranged similarly to the case of the upper edge part [err]

. The orientations of the1§ﬂiﬂ and out put parts -59- of the
[ t level converters and those of the input and output -parts of the
out put | evel converters in the right edge part [err] |ower edge part [err]

aEd | ef t edge part [err] are respectivelybthg samne 35 infthefcase of E

3
supply. vol ?aSZ Bt {37 orhaniBat; Aage Past: Sa'eﬁﬂﬁﬁﬁﬁecisa%’écﬁﬁﬂ'rE%? Lhe
carth 1o oBF Pa? adgdcof nthe' PRmiBbRRIesBe] cdlp 2007 CPHE b1 el £eF"
connected o 1 t%fs#%“?esur BLcuohPerEere g5, MlGvh i i’ﬁ“@%“?"{‘aé griznil':
in Figure 38 F| guryihgéiiﬁﬁdof égiéh‘éaiefbﬂsfoﬁ%i-%i- 48 shown f'rérr]

Referring to e 3 rame [err portions a
frame pgtion kogané E@tgbgdaﬁgghgeathmagrﬁgﬁéiywhlch correspond to t he
right upper part of the sem conductor chip 300 In practice, however,

Above the upper edge part L1, bonding pads for
C inputs (indicated by squares of thick solid lines) correspoﬁding
~ in number to the input level converters and bonding
pads for outputs (indicated 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 input bonding pads, while the
output parts thereof confront the intermal logic block
21, and the input parts of the output level converters
15 confront the internal logic block 21, while the output
parts thereof confront the corresponding output bonding pads.
A A plurality of input bonding pads and a plurality
{:} ~ of output bonding peds on the right of the right edge
part Lé’ a plurality of input bonding pads and a plurality
20 - of output bonding pads below the lower edge partlts,
and a plurslity of input bonding pads and a plurality
of output bonding pads on tﬁe left of the left edge.
part_ﬂ4 are arranged similarly to the csse of the uppef
edge part ﬂhf. |

25 The orientations of the input and output parts



upper.
the lead frane L is a worked net al

‘parts corresponding to the right lower part, ‘left |ower 20 part and |eft,
art of the sem conductor chip are simlar to the above. _ '
sheet of a structure wherein the frane

Therefore, -

portion [err] lead portions [err] and tab lead LT are interconnected by the-

hat ched dam portions. 25 After the rear surface of the
sem conductor chip 300 -60- has beén connected to the front surface of C:)
the tab lead LT, bonding wires (for exanple, gold wires or alum nium w res)\

to be described below are wired. Using a wire bondi ng equi pnent which is
commercially 5 avai l abl e, the power source bonding pad 30 and the |ead

ot A SaRe SarYeta oty AR of e SE, IS 1 e

portion
pad and
out put

the |l ea

(it Benaf pEACRT0E, R it vt (doriliend i OB 07 cnd

| _ _ ) _ i
i o (SRS M€ BeFE BRI AceR R P e R 1 B T e

in succ
after t

yﬁw. vy fggp&&e%eﬁ dHE daheS WH G U Yasdidr 300 15

the above wiring--are put in a netal nould for

e conphetlon

resin

| di ngghe\hgieeaP oda | pgpikd fgsin is poured inside the dam portions [err]
g?pthe | ead frame [egf]? SucH dam portions [err] hinder the resin from

flow ng out of gdwer Abtiptetl bondddg) pads 300/fict Ifemiing ctheasupply

10

15

20

25

voltage Vcc is arranged in at least one of the_foug

corners of the semiconductor chip 300, and an earthing-

bonding pad 31 for connection to ah_earth

point is srranged 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

surfece of the tab lead Lj of a metal lead frame Ly

in Figure 38 in physical and electrical close contact.
Referring to F%éyre 38, this lesd frame L has

lead portions L1P§IL{:, a frame portion-Lo and hstched

dam pobtions LD whicg correspond to_the right upper'bart

of ‘the semiconductor chip 300. In practice, however,

pgfts corresponding to the right lower part, left lower

" part and left'upper part of the semiconductor chip are

similar to the above. Therefdre, the lead frame LF '

is a worked metal shee@lof a structure wherein the
frame portion Ly» lead portioqg L, - Lg, and tab lead
LT are interconnected by the hatched dam portions.

After the rear surface of the semiconductor chip 30C

Q (



. 20 ,. frame [err] seniconductor chip 300 and resin which forma unitary ?3
structure are taken out fromthe nmetal nould. Further, the dam portions LD
are removed by. a-press machine or the like, whereby t he respective | ead
portions L1 - L64 can be electrically isolated. 25 | f necessary,
the leads [err] protruding outside -61 - the solidified resin are bent
dgWmwar ds. Then, the | ogic sem condugioger integrated circuit 1C noulded with
t resin 301 is finished up as shown in a conpletion dragram of Figure 39.
As seen fromthe figure, such 5 circuit ICis not provided with any speci al
radi ation fin for positively radiating heat produced fromthe sem conductor

R cort o o S 45 AR sy Sl BubCafRTLEY
orpl 'og?néi et vefc%aﬁsi%eff%*ﬁ@ﬁiﬁé“&#isé FifE 88 %aawmftoﬁ

| C
the. ?es?n°i§m€#?“r#e‘i"ﬁ>oé'f¥?€ifeﬂ%s?w ighéioﬁ'sr " the | gwe
sem conductor i nt Gig;&}{d% Qii;ﬁi‘h ni% &fétﬁgﬁiﬁhgﬂttﬁﬁﬂﬁ QHbQShﬁB%xﬂH‘}“ In

Fi gures 37 to 39, l'evel converters 201,

e 2N Coipdiliddidld tHe Pdwé&t $60586 BQnaingSpadSQO khe theallegd
nunber of the CMOS gates 211, 212, ....... , 211 constituting

_portion L34 are electrically connected by a wire 4
Further, the input pad and the lead portion L9 are elgctrically
connected by a wire lG’ the output pad and the lead
portion L8 by a wire 57, the input pad and the lead
10 portion L7 by a wire 18’ the output pad and the lead
portion L6 by a wire 19, the input péd and the lead
portion‘_L5 by a wire 110, and the earth’ bonding
pad 31 and the tab lead LT by a wire J%1, in succession.
The lead frame LT end the semiconductor chip 300
15 after the completion of the above wiring-are put in
a metalmould for resin: -n'ouldmg whereupon 2 liquid resin
is pou;ed inside the dam portions LD of the lead frame
{;} Lg. Such dam portions L, hinder the resin from flowing
| out of them. After the resin has solidified, the lead
20 . " frame Lé, semiconductor chip.300 and resin which form
‘8 unitary structure are taken out from the metal mould.
Further, the dam portions Lﬁ are removed by.a press magpine
or the like,'whereby-the reSpective lead portions l’..1 ':L64
can be electrically isolated.

25 If necessary, the leads L1 '"L64 protruding outside



the internal logic block 21 is 200 - 1530, and the total nunmber of the :
out put | evel converters 221, 222, ..... , 22m constitutingthe output buffer
22 is 18 - .50, so that the sem conductor chip 300 forns a | arge-scale -

.sem conductor 25 integrated circuit device. Nevertheless, the circuit I1C

- “has™been successfully put into the radiation fin-Iless -62- structure for
reasons st at dfiibel ow. Since the power consunption of-each of the CMOS gateE:)
211, 212, ..... [err]constituting theginternal |logic block 21 is as small \
as 0.039 mlliwatt, the 5 power consunption of the whole internal |ogic
bl ock 21 having the 200 - 1530 gates is as very lowas 7.8 - 59.67
mlliwatts. Since the input |evel converters 201, 202, ..... 20n

constit utitRp t$RIidHEAed Fesin are chentl dewnwar@s. enBaem reblteof Figure 31
i nclude a ] arge nunper 10 of bipolar_transistors, the_power consunption
per conver%%ﬁlqss%%l?ﬁﬁﬂp%ﬁpﬁl%P?ﬁ&%?ﬁ%?t§%r§HHttFG ponEded ofsHApti on of
L"T50 i 11 ¥HRrtes iy S0 Tr FiRlehe e 27 coBp ROt her cpapbefion,d. o N
22m oons 4l 'Ge 3l o8 P APU4LES, EFoCERECKIBGES, LlGcRTO TNt o
Concumns | SLRRS£ORELS ot Seabvibgh B5o8 o Lpeeiisradnfilog pover
as high asg£) for Gfoditid&Py tadiyeiA§ heat produced from the '
semiconductor chip 300, out of the moulded structure.
If such radiation fin is @ounted,,the-éost 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
are considered besides the resin moulding method stated
above. Ffom the viewpoint of the cost 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 ~
totai number of the input level converters 201, 202, ...., (:)
20n eonstituting the input buffer 20 is 18 - 50, the total |
- 20 number of the CMOS gates 211, 212, ....., 214 constituting
the internal logic block 21 is 200 - 1530, and thé total
number of:the output level converters 221, 222, ....., 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

N
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On the basis.of the above data, in the circuit 1C which is constructed of
t he input buffer 20 having the 18 converters, the internal |ogic block 21
havi ng the 200 gates and the output buffer 22 having the 18 25 83. .
converters, heat of 6.4 %wth respect to the entire -63 anount of heat
I's generated in the central part [err] of the front surface of the

) conductor chip shown in Figure 3#62whereas heat of 93.6%is generated

he edge parts [err] and [err] in total. 5 Besides, in the circuit
I'C which is constructed of the input buffer 20 having the 50 converters,
the internal logic block 21 having the 1530 gates and the output buffer 22

havi ng the 5Q h 1 i t to th ti | t
of ‘hoat 15 gAHENERE For FebaBhe RedpY pB1BEITCC (O 0, eZU'r face of the
' duct h ' ' ted
h the edge. par s STHEY 554 o Fw“fﬁ*’@?m?“’%éfé? e B S s e o e
37, the inter g(éﬁftféf sk 21, wblc gﬁggggukﬁﬁg§ ghgg %%Eaﬂs arranged

in the cen- tral” par Pr] of fhe ch|p, I nput 20 and the

out put bufferq r akeg b handiar geoguan | f arranged
in the edge pat%zié,\,{m[ er]?eﬂ? gh[g%r] of’ thggcél 859 %lg%glraig?r o%n% gure 38,

therefde, thoker be&é&ﬁﬂﬁtibﬁeéfoﬁhhe&hoﬂ.e iheeotiad DogiT baock 20 [err]
and [err] are taken out” of the circuit 1C (particularly, _
21 having the 200 - 1530 gates is as very low as 7. 8 59.67
milliwatts. Since the input level converters 201, 202,
seses, 20n constituting the input buffer 20 according
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
-13 as high as 46. 8 - 130 m;lliwatts.. Since also the
output level converters 221, 222, <<+, 22m constituting
15 the output buffer 22 sccording to the embodiment of

Figure 34 include a large number of bipolar transisﬁors,

St the poyer consumption per converter is as high as 3:8 '

{Z} miiliwatts, and thg power consumption of the whole output
buffer 22 having the 18 - 50 converters is as high as
20 -68.4"2 190 milliwatts.
On the bagis.of the above data, in the circuit
. IC which is qénstructed of the input buffer 20 having
the 18 converters, the internal logic block 21 having i
the 200 gates and the output buffer 22 having the 8

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




_'taken out to the earth line of a printed circuit board when the circuit 1C,
is installed on the printed circuit board) through the tab lead [err] and -
-the lead:portion L as an earth |lead. Mbdreover, they can be taken out of 25

}‘h,_.e._ &dcuit I1C (particularly, taken out to the signal -64- lines and

““power source line of the printed circuit board when the circuit ICis
installed on the printed circuit board) through the | arge nunber of (:)
bonding wires and the | ead portions[err]..... [err] 5 It has been
confirmed by our conput &ti®%n .= that, in a case where conversely

to the above enbodi nent, the input buffer 20 and the output buffer 22 which
generat e habaRt d8fhehtessOgeRephtaneiar tﬁ&geénlt&allhpa%nh& abfpart to of
the chip and the internal logic block 21 is 10 arrange@ around the
central pghé Feont slefhaegefqunset seinteontiueealr ichiphshoemt ial part [err]
cannot be readily taken out of the circuit IC For the reasons described
above, itFhgaréecdn,pwberbhs heapubft B3.6Rr dsi gen€ratedhdnaltbee enbodi nent

into the 15 radi?tio fip-1ess ructure. In addition, since such.
circuit | igaspdeba #yt it oYshandr dgi Annketadd structure, it has becone
possi ble to sharply reduce the cost of the circuit IC. -. Figure

40 shois a bl BeRi@Pagr &M Sheafizrdts 4f which is SpasEFumRech ofs.

construct ed i nstallin n.a printed.._ -. circuit-board t,he | ogi,c
seniconduEPSrEKHPBgPHFSGrg?BCBFYRng the 50 converters, the interndl

logic block 21 having the 1530 gates and the output bufﬁer
22 having the 50 converters, heét of 15.8% with respect to'
the eniire_amount of heat is generated in the central part
10 Eb of the front surface of the semiconductor chip shown in
Figure 37, whereas heat of 84.2% is generated in the edge
. parts Ll' Lé, lg and lﬁ_ in total.f |
As illuétrated in Pigure 37, the internal logic_block
21 which generates the slight heat is arranged in the cen-
15 tral part 4% of thg chip, and the input buffer 20 and the
output buffer 22 which generate the large quantities of

heat are arrgnged in the edge parts ll' 42, Xg gnd_la o

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

QO

the larée quantitites of heat in the edge parts la, lé,

20 l; and L4 are taken out of the circuit IC (particularly,
taken out to the earth line of a printed circuit board
when the circuit IC is installed on the printed circuit
board) through the tab lead“LTxandlthe lead portion L,
as an earth lead. Moreover, they can be taken out of

25

the circuiﬁ IC (particularly, taken out to the signal



- 1 C according to the enbodlnent illustrated in Figures 37 to 39 and ot her
| ogi ¢. semi conductor jntegrated circuit- devices of -TTL |evels 401, .402

..+.’..40n,501 to 505 - 25 and 600. 84 Referring to the figure, §.+3_|e

ouf put s of the devites 401, 402 ..... 40n having the TTL | evel outputs

respectively supplled to the inputs [err] of the circuit IC the outputs of
h are supplied 5 to the i npeegd-0of the devices 501, 505 of

i nput levels. :Further, the output OUT of the circuit-1C and 2 the
out put of the device 600 are connected in common, whereby both the devices
| C and 600 execute a parallel 10 operation. Heat generated in |arge
-quantities in the input buffer 20 and output buffer 22 of the circuit IC
. can be dusm|iin§stapdrnpw§wtﬁpmrhe linecpLsthecprinted capouisi hasrd| ine

and output signal line of th b.&r:lnted circuit 15 board. In_addition,
when t he enan nj i c 148 ipstadled: BHt tB&fPé'F-nQEdl sizenifi the

| ow | evel , t out put.s err] err] floa I ng states, and

the input le ﬁqﬁé %éﬁ. BE“LEB b§9 i&ﬁe“ Efgbﬁnﬁhe out put

| evel of the device S|dge a_high sEeed is attained at the interface
the lea port ons ’

5 It has been confirmed by - our ‘computation.
that, in a case where conversely to the asbove embodiment,
the input buffer 20 and the output buffer 22 which generate

large quahtities of heat are arranged in the central
part lo of the chip and the internal logic block 21 is .
10 arranged around the central pgrt IO’ the large quantities
of heat in the central part lo'cannot be readily taken
out of the circuit IC. - o
For the reasons described above, it has been possible'
to put the circuit IC of the above embodiment into the
15 - redietion fin-less structure. In addition, since such. .
circuit IC has been put into.the resin-moulded structure,
it has! bécome possible to sharply reduce the cost of |
Q:) : the ‘circuit IC. L s - ;375_\¢'1; SR
Figure 40 shows a block diagram.of'an.eléctronic .mﬁ
20 system which ismcoﬁstructed 5y-installing*oh-ﬁ'printed7” . féé;
circuit- - boerd the. 1ogic semiconductor integrated circuit BERTERE
IC according to: the embodlment illustrated in Figures 37
to 39" and other’ logic semiconductor ‘integrated circuit.
devices of**TTL levels.401,.402“!°ftﬁ;40n,u501 to 505 .5

R y ; I - G e _ N - . -. : . -
25 and 600, i }.:"5" S EATIATTY NN oy G et rrirodan e R




‘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 T
interface between 25 the output buffer 22 and the internal |ogic hlock

- 21; -66- and at the interface between the devices 501 ..... 505 and the -
out put buffer 20. According to the_foregoing enbodi nents, favorable effects
can be achigyed for reasons as st2®®d below. 5 (a) Qutput transistors <:)
for executi the charge or discharge of the output capacitance [err] of an“

i nput | evel converter 201 are forned of bipolar transistors. Thus, the
propagation delay tinmes of the input |evel converter and the output

capaci t ance- BoLeS ot e Qi3 goiie baree Tifijst 0N kH devides the
function tha?;ﬁggegﬁ%eﬁoslgngﬁl gi I N de\?i ceg siZe than a MOS eFvET, t he bi pol ar

transi st ohq expodi LS .3 .| QOB hawiRigl HHRS BRIy el butputhaireurrent gain, so
it can produce a‘great charging current:or discharging current. (b) In the

i nput | eyespe@PIPELY sdPbliadSaeoithey inputierINy, 1IN, df odes fIN executing a
majority carrier operation is connected between' the dase and dbllector -of a
bi pol ar éf athéstfpculitcIC,s tive \outputtso dft sehsixthirsare csupmliedb. Theref ore,
the injection of .mnority carriers froma collector layer into a base |ayer
cdn be reduthke, inpu28 of that delvicE=nSfs t9ne* bI5AheohHi PEL aknpytansi st or
can be shortened. (c) In an input |evel converter 201 according to a
pref errellevels. : |
Further, the output OUT, of the circuit IC and
the output of the device 600 are connected in common,
whereby 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 line, power source line, input
signal line and output signal line of the printed circgit
15 board.
In addition, when the enable signal EN to be fed
to the,output buffer 22 is set at the low level, the’ o

outputs OUT1, OUT,, °+~-+- OUT, fall into the flosting

2
states, and the input levels of the devices 501, 502,

Q

20 * 503 are set by the output level of the device 600.
Besides, a high speed is attained ét the interface
between the input buffer 20.and_the devicgs 401, 402 ..3..
40n; et 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 logic block 21,



enbodi nent, the base si gnal or col.lector si gnal of a driver transistor
“is tFansmtted to the base of 'a 25 char gi ng bi pol ar out put transistor

[err] - through a MOS -67- buffer which has a high input inpedance and a
voltage anplifying function. Thus, the operating speed of the output
transi stor I s enhanced owing to the high input inpedance and t he§ dol t age
applifying function of the 5 MOS-bé#+fer. (d) In the input |evel
c@erter 201 according to a preferred enbodinment, a P-N-P emtter follower

. transistor 4 and a P-N junction diode [err] are connected between an input

: “terminal [err] and the driver transistor [err] Thus, 10 t he i nput

-th hol d | t f the,i I . I
Woreover. sineBdipE thAyinERTEAGR: PafHasR. 150y éx’ica”.ﬁﬁofr&e;ﬁﬁe base
“th foi h t lif f t th f, th
infGIrﬁgnc:asofenfﬁg gﬁ?p@ﬁﬁﬁ%eaﬁggw ognl5arrp |T¥Ln?evgrcs: Sgal ggﬁ?ce ©

: ted to th I
f?gﬂgfs?orsofore I {’F{‘Ig{’ g@cﬁéﬁgéﬂo%ﬁ&ae%ﬂe&@gn%%e out put ?%laed
capaci t ance [%‘i‘bc% BEnCHpPYbRiSYEd SN Fodors ad fd¥d eI DI POl ar

dransistors. the propagation ay times o out put | evel

convertgr and theog At tmlsw-ﬂﬁpegmmﬁfg tHed %1{3105941 &e d

owing to the unctlo that, even when snaller.- 1nh device size than a

FET, the Dbi pobgr theagttpul capacitance C g Of an input level converter

" 201 are formed of bipolar transistors. Thus, theé 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

then a MOS FET, the bipolar tresnsistor exhibits a lower
output resistance and a higher current gein; so it can
produce & great charging current or discharging current.

(b) In the input level converter 201, -1 Schottky barrier

15 diode for executing a maJority carrier operetion is ~
) connected between the base and collector of a bipolar -.:_ )
\x transigtor which is driven into 1ts saturation regioh.. -
LN | :‘I'herefore, the mjection of minority carriers from a

S PR foR et

I ) - collector leyer into 8 base layer can be reduced, so

\-' '.-__‘.. <‘w* - X o -,-.-g.-..-:_- & ""“’
TSALTL i s e e Y

20 ‘ that the storage time of the bipolar trens:.stor can

SR NS SUIEIE: BNy SR T o S IR T s St B - T RS Sl e i Sk Bo e SRR 1) £
be shortened. _ .
o Tmerred ouwi ’*"'EL\”-.“ Gabesnrsd ivgoes ”U Wi rog II.EI

(c) In an input level converter 201 according to s preferred e

faeresirenn
B '} .l.‘-d'::"

T,
B

: embodiment, the base signal or collector eignal “of &

»
e P - vt

| driver transistor Q2 ie transmtted to thse-base o:l'.' a .
: A ke jamigs rawel - Jnize
25 charging bipolar output transistor Q3 through a HOS

PR 7 i . . > a 5o '.._ )
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.exhibits a | ower output resistance and a higher current 25 gain, so it
-can produce a great charging current or - 68 - discharging current. (%
In the output |evel converter 221, a Schottky barrier diode for executing
nmej orRigy carrier operation is connected between the base and collector of a.
bi‘polar 5 ° transistor which is driven into its saturation region.
Therefore, the injection of nmnorit§7tarriers froma collector layer into
base | ayer can be reduced, so-that the storage tine-of the bipolar

transi stor can be shortened. 10 (g) I'n an output |evel converter 211

“according to a preferred enbodi nent, a high input inpedance OS circuit is

connected between the output of a internal |ogic block 21 and the base of
a driverpuffesiwhbch[ has] a highs iopute dinpledancen dridra tveligsge of the MOS
FET of this 15 OS circuit to the output of the internal |ogic block. 2
can be remplifiyimgnftunctiongl i Jhiusg Itheclopettatiafg)rapeddvf ithee i n t he

I ntegration density of the output circuit of the internal |ogic block 21
and | oweeutput ntremsiatorhRyg ispeshapsedoowing &in ddhe Joigh (Anputh. the

out put
I nput

process

This,

1o

15

20

25

t

| evel converter 2217according, to a preferred enbodi ment, the high

npepledenceendi thei voléaged empd ifivime Hamatdan Af ofhe ogical |y

h@g a plurality of output signals of the internal |ogic block 21.
%é§¥§ﬁ°§ersatility .,of a logic sem conduct or

(@) In the input level converter 201 according to s
preferred embodiment, a P~N-P emitter'foilower transistor
Q# and a P-N junction diode D, are comnected between

an input terminal IN, and the driver transistorﬁqz. Taus,
the input threshold voltage of the input level converter
201 can be properly set. Moreover, since the,input
impedance of the P-N-P trensistor Q4 at the base thefgof
is enhanced owing to the current smplifying function
thereof, the influence of the output impedance of a
fTL level signal source connected to the inmput terminsl
IN1 can be reduced. :

(e) output transistors for execu%ing the charge or discharge
of the output ;oad'capaditance c, of an output lé;él

‘converter 221 are formed of bipolar transistors.. Thus,

" the propagation delay times of the output level converter

and the output capacitance-dependencies thereof\?gp'be
lessened owing to the function that, evén when Smalier.-
in device size than a MOS FET, the bipoler trensistor
exhibits 2 lower output’resistahce and a higher current

gain, so it can produce a great chesrging current or

&
).

1

"
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.25 + i-ntegrated circuit IC of t he naster sllce type or the gate array

-typé-can be enhanced. (i) In the output |evel converter 221 according to a
preferred enbodi nent, a control circuit for controlling an output termna
QUFr.into a floating state on the 5 - basis of an enable signal ENis
arranged. Therefore, in a case where this output termnal [err] and the

0 ut termnal of another logic circui-t68re connected in common,. the 8;?
| | of the conmon output term nal can be set in accordance with the

-out put of. the other logic circuit. 10 (j) 'n a preferred enbodi nent,
the internal logic block 21 which is forned of a pure CMOS circuit or a
quasi -CMOS circuit thereby to have its power consunption reduced is
arranged in tddscharging ourrdnt he front surface of a sem conductor chip,
while the input |evel converters 15 201, *-- and the output |evel
converters 22%f) In the @&pmbflmbhctmunﬂeg a2p) uﬂaS?h?tbgybbwihcr
transi stors and exhibits a high power consunption are arranged in the

peri pher al ed&é°§&rQQHﬁe%QR?##QBnasﬂ#f%ﬁ%ﬁﬁfcﬂﬂﬁigﬁn?Eﬁh ?Briéhlp Thus,

heat dissipation is faC|I|tated It has 20 ore ible to
put the | ogi c SoBReSHeGy Qﬁ“??ﬂeﬁﬁ%ﬂ?ﬁﬁﬁlF%% ?°ﬂ£9? e i%ﬂiation

Ak TR R TR “ﬁz?ﬁﬁ%q%?eiﬁfeafév%a’fiﬁrﬁ’éﬁéé‘ B2 % 1
'S put into z%erei‘oregs,' EP! APfe {8 8F GnifOHs B "EErri OFs CEPLA! 4Nt Of
U collector layer into a bzse layer can be reduced, so

that the storage time of the bipolar transistor can

be shortened. _

10 (g) In an output level converter 211 according to a
preferred embodiment, a high inpnt impedance MOS circuit
is connected between the output of an internal legie |
block 21 and the baae of a driver_transistorlq11. Enus,
current to flow from the gate of the MOS FET of this

15 - MOS circuit to the output of the internal logic block

21 can be reduced down to -8 negligible ievel._ Therefore,_

[E R

C

loweripg in the integration density of the output circuit

iy
R RO

-(j) ..., Oof the internal logic block 21 and lowering in the switehing

o iad oy P -

speed can be prevented.
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20 !’ (h) In the output 1eve1 eonver er 221 according. to a.
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N preferred embodiment, the high input impeuanee MOS cireuit
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is endowed with ‘the function of 1ogica113 processing izt

& plurality of. output”gignals of 1t the internal_logie_ _j;ay

bloek 21. Thns, the design versatility or a logie semieonduetor

e .-.n,—d L e e

25 integrated circuit IC of the master slice type or: the}ggtelm ’
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. the cost thereof has bane p055|ble (1) Meanwhile, the |nput termnal [err]
,of the input level converter 201 is not connected to the gate of a MOS FET,
but it is connected to the cathode 5 of the Schottky barrier diode D or
th@@ase of the P-N-P transistor 4. It has therefore been pernmitted to -
enhance the breakdown strength agai nst a surge voltage applied to the input

termnal INL. The follow ng nodifiggati ons of the above 10 (:;
descri bedenbodi nents may be made. (a) The circuit shown in Fig. 6, can be
arranged such that the |evel converters 201, 202 ..... 20n of the input

buf fer 20 execute ECC - CMOS | evel conversion, while the |level converters
221, 222 15. 22maf the output buffer 22 execute CMOS - ECL | evel

conver seznay t¥paccandhecenancedi s arrangenent, the input buffer 20,

i nt er nal lo ic block 21 and output buffer 22 nay be operated with. earth

pot ent i ait), 3ndthenPriputudm¥el orenyerber| 321] accor@éngss® Bn Fig. 6, the
arrangenent. can _be such that the |evel_converters 201,202 ... 20n of the

i nput bBFeEerPedcsmbodiment, arecptrRl edncwiti far GAPEECLALnEeve
ggnrgaéggigﬁggvglgﬁrmlnafﬂgﬂfﬁ iggboutpfoaggn;egta%eexec g M - [err]
5 basis of an ensble signal EN is 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 terminal can be set in
accordance with the output of the other logic circuit.
10 (). In a preferred embodiment, the internal logic block-
21 which is formed of a pure CMOS circuit or a quasi-CMCS
circuit thereby to have its power consumption reduced |
is erraenged in the central part of the fromt surface
of a semiconductor chip, while the input level converters
15 201, *+++* and the output levgl converters 221, <**+- each of
which includes a plurality of bipolar trensistors and —~
exhibiys 2 high power consumption are srranged in th;
peripheral edge parts of the front surface of the semiconductor C:?i
chip. Thus, heat dissipation is facilitated. It has . o
20 ‘therefore been possible to put the logic semiconductecr
integrated circuit device IC into e radiation fin-less
structure and to curtsil the.cost thereof.
,¢ (k) According to a preférred embodiment, the logic
semiconductor integrated circuit device IC is put into

25 a resin-molded structure, and hence, the curtailment of
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90 -71- (b) In the enbodlnents of Flgs 14 to 21, Flgs 23 to 26 and Fi gs.
29 ‘and 30, the P-N-P emitter follower tranS|stors 4 and the P-N junction -
. diode [err] in Fig. 31 may well be added. 5 (c) In addition, the reason
- Whythe denonminator L of the ratio WL of the MOS FET is set at 3 is that
~ the channel length of the MOS FET is assuned to be 3 pm The channa‘lglength
' HABF presently being reduced down to 2 erﬂ@'S pmand 1 pmor 10 | ess ow ng

I'nprovenent s i N ypBCdcdkl £RQS6E A, betidfle (gt8silsieQm nator L of the ratio WL

- wi |l becone smaller accordingly. As a result the device sizes of bipolar

transistors will be (ladMeahwhilieherther dnputt terminallalfiss ofn thee input

resi stances of resistors 15 within the circuit (d) The ethod of taking the
| arge nunber of |eddwdleradnverter 0] isumasf connerhedditeg thesigat®0l i s not
restricted to the enbodi nent shown in Fig. 39, either. tt is nore
appropriate for re®fiandQhFER bW it i connested £ the £athode as the
.circuit device IC and attains a_higher packaging densit on t he %rlnted
circuit board that hFhsSsheRt ]‘é’ngﬁgrd‘lertﬂé' B4 RF R28619ts nade a

substantial ly squa Ehe_?ﬁq- or%q%r}t (}&Eg, e (tlhterte c,I_earb%e 25 nunber
R . .

.of leads [err] .:..=
permitted to enhance the breakdown strength against

a surge voltage applied to the input terminal INI.
The following modifications of the above
10 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, uhile the-level converters 221, 222
15 <cc-. 22m of.the output buffer 22 enecute CMOS -
ECL level conversion. In accordance with thls
arrangement, the lnput buffg;_zn 1nterna1 logic
block 21 and output buffer 22 may be operated with:.

T Py e - . L R

earth potent1a1 and a mlnus supply voltage '

Ty B

-
\j) 2d -VEE' L1kew1se, in Flg. 6 the arrangement can

be such that the 1evel converters 201 202 .;?‘205?7

. 'Lof the 1nput buffer 20 execute 12L CMOS level

- . ._‘._-—p,,,. . a...._.—..-..._-,--.. N --w.,y- ..‘ hmur,.-.:-;é.,..
conver51on, wh11e the level ccnverters 221, 222

vIzer eadblirom iz

ceee 22m of the output buffer 22 execute CMOS - i

"L

'25”1eve1 conver51on.""

T
-

_-.-.._-_.
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91 -72- (e) In addition to the input buffer 20, internal |ogic block 21 and
out put ?q{fer 22, being arranged on the sem conductor chip, the bipolar *°
anal og Citcuit, MOS analog circuit, P-channel MOS |ogic or 5 N channel -MOS
-logic i2L circuit, and ECL circuit may all be arranged on the sem conductor =
chip as desired. Attention is drawr7@e our Application No." 86.19512 (Seri al
No. 2177866 ) which has been divided out of the present Application. 10
92 - 73 - CLAIMS, 1. A _sem conductor integrated circuit including: \J}
(a) an internafbloghctBroembprAdmgntigod Figfal 1dyter 2&mBigFrcuits, each of
said CMOS circyits includi,ng,.P-chapnel .a N- channel MOSEETs, said interna

5 | ogi ¢ bl ock gérFBr n@npogFESOngaFP8n§80ntﬁﬁp F%§?gﬁ§F§t§ﬁd generati ng

ot Bt 51 el S B P U b sk BTCGOPRLR AR Rk BPl ral 1y of
oo ouput 10 BEGR"S S spoRal chasfd LA sheBapRErer s Fece v G oL
level and gncl ydiyngnmRARY tidh, the reason why the denominator
L of the ratio W/L of the MOS.FET is set at 3 is
that the channel Iength of the MOS FET is assumed
to be 3 pm. The channel length. L is preséhtly
being reduced down to 2 uM, 1.5 pm and 1 um or W
10 1less owing to improvemenfs in photblithography,
and the denominator L of the ratio.W/L will become
smaller accordingly. As a result the device sizes
of bipdlar transistors &ill.bé reduced further,
resulting in changés in the résistances of resistors
15 within the circuit
(d) The method of taking the large number of leads
Li, «e+e. Lg, out of the moulding'resin'301 is not

restricted to the embodiment shown in Fig. 39, either. o~

tt is more apbropriate for reducihg the siie of
20 the lead frame LT as well as the circuit device {;j'

IC and attains a higher packaging densiﬁy on the
printed circuit board that the external shape of

~ the moulding-reéin.301 is made a.substantially
square, not an oblong, so as tb take out the large

25 number of 1ead§ Ll' csses L64 from aillthe four sides.

-



provi ding an output digital signal at the output termnal to be coupled to
saFd internal |ogic block; 15 wherein said nmeans for providiing
the output digital signal in each input |evel converter includes a first
bi_pol ar output transistor the base of which responds to said input digigsal
signal, a current fl-owing through the collector-emtter path of said frrst
bipol ar out put 20 transistor executing+h& function of either charging or
" @i gcharging an out put capacitance of the input |evel. converter, and a
- second bi polar output transistor the base of which is supplied with a base
drive signal rd$londim@ddd tdsind ichgihe dinpytal Pt ipml 20 a HilsE! 1 owi ng
- through the collector-emtter path of said congd_bi pol ar out put 25
transi stor exedfR3ify BYREKtdHe AN R TRIF o“?uﬁﬁ%ﬁ Ay tg?‘l’(f’?jiwé?%? g said
. out put capacitance; and . -74- wherein each in | evel verters further
“includes a cMO8™ SRR HRF i%b’[ﬁ' g?ch%m?g#‘g]raelgpao%adg&?o sai d i nput
digital signal .he t of i ergt i ' i ignal for
sai d second bi p%q%rut]%' %qsgénﬁolﬁﬂ’g{%‘?ﬁzﬁ Sﬁaéﬁég Qgﬁlﬁcﬁ%ﬁ&%r
integrated of r GyidnARRA Hd¥ 1y 8 M loi ¥EE] €] Nasal BCOMSr Ga 1€ Us$ Of said
“internal |ogic block are constructed of quasi-CMOS circuits the. input
stages of whi chyrr e masRibdlosatke PsshiporEuabér Nerbpnae! ad9i MBFETs and
t he out put stages of which are conposed of bipolar transistors.
Attention is drawn to our Application

No. 86.19512 (Serial No. 21771866 ) which has
been divided out of the present Application.

10



3. A sem conductor integrated circuit according to claim2, furthery
includgqp .(c) a first Schottky barrier diode-which is 15 connected

bet ween a base and a collector of said first bipolar output transistar- for
executing and di schargi ng of said output capacitance. 4. : A =
sem conductor integrated circuit according to claim3, further including:

20 (d) a driver transi st whi ch drives said first bipolar output™
transi stor for executing said dischargi ng of said output capacitance in \f
responseql;gaai d i nput digital signal of said input termnal of each of

said input level converters; and 25 ' (e) a second Schottky barrier
di ode which is CO@D%@#&%&H&&%&&EEhﬁﬁéétéﬁéhEki%&ﬁﬁﬁtﬂﬁcpﬁdﬁﬁbd driver
transi stor. 94 - 75 - 5. A sem conductor integrated circuit

according to clai mad, aﬁmrﬁnérnﬁncﬂd@&ESEnﬁéEr1m¢I@aiﬁgls connect ed between
the collector of said driver transistor and said base of second bi pol ar

out put tplansilsitty diorCMO& ety Wi t5s s aeakch haf gsapd ofMBSi dipoupts capaci t ance.
6. A sem conductor integrated circuit according to claim5, further

i ncl udi digrciuding thqltﬁIEtﬁiotiﬂsg ¥zgharne i MORFEDS, | 22 snternahich is

connected between said input termnal of said one
logic block performing logic operations on input signals

and generating output signals based upon the logic
operations; and

(b) a plurality of input level converters, each
of said input level converters having input and output

10 terminals, each of said input level converters receiving
at its input terminal, an input signal having a level
different-from the CMOS level and including means for
providing an output digital signal at the output terminal
to be coupled to said internal logic block;

15 wherein said means for providing the output
digital signal in each input level converter includes a
first bipolar output transistdr the base-of which responds W
to said input digital signal, a current flowing through —~
the collector-emitter path of said first bipolar output \#;

20 transistor executing the function of either charging or
discharging an output capaciténce of the input level
converter, and a second bipolar output'transistor the base
of which is supplied'with a base drive signal responding
to said input digital signal, a current flowing through
the collector-emitter path of said second bipolar output

25 transistor executing the other function of charging and

discharging said output capacitance; and
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.10 of ‘said I nput | evel converters and said base of said driver transistor.

7. A seni conduct or integrated circuit according to claim®6, further

i nettuding: (g) a PP-N-NP emtter follower transistor and a 15 P-N juncti-on

di ede for level shift which are connected between said input te;?lnar of

sald one of sald I nput | evel converters and said base of said d
ffﬁzlstor . A sem conductor intepgated circuit according to claim

erein said input digital signal to be supplied 20 to said input
term nal of each of saivherpin eash|input ckevek ¢anivantexs idwthEE. hi gh and
. low levels, and an_input threshold voltage of each of said input |evel

converters isiRehudes o cfMeS | W fan Fireptt Whe cRputaRf ahHigih nespsndsnput
mecording to 0 s apet fiattal sianal S e SR (OF BOGbpl | ed to
TTL hi gh- and JEMFFRYED SAE] Sipe dAuId M andl o MM e iRt on o
S gn T ovbl etpfelerdRbLEar: b STn PPLVERS 110%™ O somconductar

integrated cigcuit incladidgiconductor 1nté§?aéﬁh'é§fﬁﬁ¥¥ d QB iNL Ho
including a plurality of CMOS circuits, each of said CMOS circuits
including P-cépapg! 1 pnehékeimneeia NEMDET61 r G@i €k | o ¥l 4rtirna) Qdgic
block are constructed of quasi-CMOS circuits the input
- ‘ stages of which are composed of said P-channel and N-chanﬁel
10 MOSFETs and the output stages of which are composed of
bipolar transistors.
3. - A semiconductor integrated circuit according to
claim 2, further including:
(c) a first Schottky barrier diode-which is
15 connected between a base and a collector of said first
bipolar output transistor for executing and discharging
of said output capacitance.
4. A semiconductor integrated circuit according to

claim 3, further including:

¢ C

20 (@) a.driver transistor which drives said first
bipolar output transistor for executing said discharging
 of said output capacitance in response to said input
digital signal of said input terminal of each of_said .
input level convertergg and
25 (e) a second Schottky barrier diode which is
connected between a base and a collector of said driver

transistor.
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performng | ogic operati ons on i nput signals and generating output signals
based upon the | ogic operations; and 10 ‘(h) a plurality of input .*

-l evel converters, each of said input |evel converters having input and

output tedmn-. als, each of said input |level converters receiving at its
i nput” termnal, an input signal having a level different fromthe CMOS

-

level and including nmeans for prd& ct ng an 15 output digital signal at the .~_

output termnal to be coupled to said internal |ogic block; wherein said
means fos.provi di n@ tsemicenductdimiintegraped ciraudh saqandingy&c converter
includes a first bipolar output transistor the base of which responds to 20
sai d i npetladimgid,awhergial sadid GMAS Y ERYF (LA GRPNeAteSct or-enitter
path of said first bipaolar output trap-_sjstor, ex function of

uti ng t
ei ther chetyesn dheyicelladf Rf &7 tmv%%&ﬁ’ie%t?r}%fa‘ﬁéﬁ ut | evel
t , d hi | tput t Si St f ich i 25
coppl | eq A Of ISREEH AT A AU SR AN oS A AR g L i Gnal

a current fJlow.ng t.hrou {.hes C OL= ' ath of said second
" bi pol & oﬁ.ﬁléﬁthg:aqﬂgst% seJ}e%u?q%ér%ﬂ% héea%%#eééﬁ%}gt i on of charging or

discharging - 7% <50 Al r CHPEEH L RNEE c AFth W &b dr Biar) dgput | evel
converter&further i;}]cﬁea‘gle%rgiﬁ@/osrbuffer circuci:t t he i nput o?fd\:mi'ch

responds é%ﬁ@igi, | ARUined did@udimpal and the output. of which 5 generates
sai d base drive signal for said second bipol ar

(£) a third Schottky barrier diode for level shift

which is connected between said input terminal of said one g_/
10 of said input level converters and said base of said driver

transistor.

7. " A semiconductor integrated circuit according to

claim 6, further including:

(g) a P-N-P emitter follower transistor and a

15 P-N junction diode for level shift which are connected

between said input terminal of said one of said input level

converters and said base of said driver transistor. 

8. " A semiconductor integrated circuit according to -
claim 6, wherein said input digital signal to be supplied -’
20 to said input terminal of each of said input level (:;‘

converters is set between TTL high and low levels, and an
input threshold voltage of each of said input level
converters is set between a low level input voltage and a
high level input voltage of the TTL levels.

25 9. ' A semiconductor integrated circuit according to
claim 7, wherein said input digital signal to be supplied
to said input terminal of each of said input level

converters is set between TTL high and low levels, and an

-




output transistor; and (c) an output |evel converter having an input
t ermi nal coupled:to receive at | east one of said output signals of .said
internal logic block, in order to thereby 10 provide an output si Wal of
priedet ermined levels different than that of the CMOS | evels at an out put
terninal of said output |evel converter; wherein an output transistor of
d output |evel converter for executdi i charge or discharge of an out put
| oad capacitance of sai d, output IeveI converter is formed as_a third

b| pol ar out pd"RYfhzashold wp Whsgseiaf R pRR1q etRPut ohe¥Rt 53 Tr t her

h d bet b
of Bai a chir AT AR %fﬁrov%vz%‘l P N CR9T A S of sa g

out put | evel r ated circuit
according to 231 %e}%l vﬁtj"lp“ ﬁ’oslﬁcfsec%oéc}%l%ﬁ i‘?‘;gsg% internal |ogic

bl ock are co ructed f S whi ch
conprises P- I'lt':totannel arfg %aﬁrﬁ%ﬁ#&% %&de?:lﬁ%p%%%p%?gﬁggﬁg -of whi ch
conprise Iy pol ar out puta ) raSindd¥nal hdgic blcﬁ:ﬁeﬁhé%@.’e‘ﬁéo& pﬁ&@gwtﬁd

circuit according to claim 11, wherein sald internal |logic block is
arranged -of7 &MOS Icixr AfitY Aledti toOfsa & aTMES NEliEdei £ € hi pchadihde

plurality of input |evel converters and a plurality of said output |evel
converters arR-charargjecand Nochgperl MOSFERs § ,saidhinternal logic block
'~ performing logic operations on input signals and generating
A/ output signals based upon the logic operations; and
10 (h) a plurality of input level converters, each of
- said input level converters having input and output termin-
als, each of said input level converters receiving at its
input terminal, an input signal having a level different
from the CMOS level and including means for providing an
15 output digital signal at the output terminal to be coupled
to said internal logic block:;

wherein said means for prov1d1ng the output digital

signal in each lnput level converter 1nc1udes a first

bipolar output transistor the base of whlch responds to
i;j 20 said input dlgltal signal, a current flow1ng through the

collector-emltter path of sa1d first blpolar output tran;
sistor executlng the functlon of elther charglng or dls—l
charging an output capac1tance of the 1nput level converter,
and a second blpolar output tran51stor the base of whlch 1s
25 supplied w1th a base drlve signal respondlng to said 1nput
.digital signal, ‘a current flowing through the collector—
emitter path of sald second blpolar output transrstor ﬁ
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executzng the other functlon of charglng or dlscharglng _
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edge part, lower edge part and left edge part: of said 5 sem conductor »

chirp. 13. A sem conductor integrated circuit according to claim12,

wherei n sai d: sem conductor chip is sealed in a resin noul ding package, and

in order.%% put said package into a radiation fin-less structure, =
%

respecti power 10 consunptions of said internal |ogic block, said

plurality of input |evel converterg7ard said plurality of output |evel fj;
converters are previously set in correspondence with quantities of heat 4
radi at i oA3i@hpotightacpparciltiangegf andads protruding from sai d package. 15

14. A sem conductor intregrated circuit according to claim 13,

wherein wring | e¥88r8ins gagh dh@utall evedi comvesitesfiurtiiarality of

sai d- i nput converters and said plurality of said output |evel
convertgFgcnggél §@9§cgﬁé&@FbFHﬂﬁﬁ&?mﬁ?%xﬁﬂﬂﬂﬁe&f|Wh%ﬁﬂxﬁ%ﬁﬁﬂﬂ§%mth a 20

1 A t
"t ogr ai B SR RULEBNS SERIEA L S LB AR AP M o W | bod wi th
I Gi f d | ,
et b 3 SRS A A °§°§{r§?'+l&?q%t as herei n

descri bedupbh &ggﬁgggggrtoa@@d as illustrated in any one of Figures 14 to
17, 20 andﬂg3 to 31, wheréin the level converter of an output buffer is

construct ed substq&t)l ahl v ?,ulteu@\ﬁéldwwetﬁfér\m{g\,mg PAh "rrgg@g ence to and
as illustrated in any one of Figures |
terminal coupled to receive at least one of said output
signals of said internal logic block, in order to thereby \vﬁ
10 provide an output signal of prédetermined levels different
than that of the 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
15 load capacitance of said output level converter is formed
as a third bipolar output transistor; and

wherein said output level converter further

comprises a high input impedance circuit which is connected

between.a base of said third bipolar output transistor and
N
20 said input terminal of said output level converter. N

11. A semiconductor integraﬁed cifcuif according to

claim 10, wherein-said CMOS circuit of said internal logic

block are constructed of quasi-CMOS ciréuits, the input

stages of which comprises P-channel and N-channel MOSFETs
25 and the output stages of which comprise bipolar output

transistors.

12. A semiconductor integfated circuit according to

claim 11, wherein said internal logic block is arranged
-
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32, 33,. 34-and 36 of the acconpanying draw ngs, and wherein the internal
| ogi*c bl ock i-s constructed substantially as herein described with reference

toﬁg and as illustrated in Figures 7 to 10 of the acconpanying dramﬁngs:
| 97
N - 78 -

§~) | in a central part of a semiconductor chip and the plurality

of input level converters and a plurality of said output
level converters are arranged in an upper edge part, right
edge part, lower edge part and left edge part of said

5 semiconductor chip. '

13. .A'semiconductor integrated circuit according to
claim 12, wherein said semiconductor chip is sealed in a
resin moulding package, and in order to put said package
into a radiation fin-less structure, respective power

10 consumptions of said %nternal logic block, said plurality
of input level converters and said pluralitf of output
level converters are previously set in correspondence
with quantities of heat radiations through a plurality
of leads protruding from said package.

15 14. A semiconductor intregrated circuit according
to claim 13, wherein wiring leads of said internal logic
block, said plurality of said-input level converters and
said plurality of said output level converters on said

o semiconductor chip are connected in accordance with a

Rij 20 master slice type or a gate array type.

15. A semiconductof.inﬁegfated circuit constructed.
substantiaily as herein described with reference to and-
as illustrated in Figure 6 of.ﬁhe acéompanying drawings,
wherein the level converter of an input buffer is

25 constructed as herein described with reference to and

as illustrated in any one of Figures 14 to 17, 20 and
23 to 31, wherein the level convérter_of an output buffer

is constructed substantially as herein described with
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reference to and as illustrated in any one of Figures
32, 33, 34 and 36 of the.accompahying-drawihgs, and
wherein the ihternal lagic block is constructed

substantially as herein described with reference to

5 and as illustrated in Figures 7 to 10 of the accompanying

drawings.
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