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Abstract

In this paper two new non-inverting type BiCMOS drivers are proposed. These are
characterized by the use of pMOSFET’s in charging the bases of pull-down bipolar transistors. The
delay time in pull-up transition of the proposed drivers is 20%-47% shorter than that of the drivers
of current using. The proposed drivers use 1-3 fewer MOSFET s in comparison with the drivers of
current using.
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New type BiCMOS drivers.

(a) A driver composed of two npn
transistors and a pMOSFET,

(b) A driver composed of two npn
transistors, a pMOSFET and
an nMOSFET.
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BiCMOS drivers of current using.

(a) A driver composed of two npn
transistors, a pMOSFET, and
two nMOSFET’s.

(b) A driver composed of two npn
transistors, a pMOSFET, and
three nMOSFET’s.
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(a) a circuit used in pull-up transition,
(b) input signal of step form.
(c) typical output form.
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Fig. 4.

(a) a circuit used in pull-up transition,
(b) input signal of step form.
(c) typical output form.
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(In this delay time the delay time of the
CMOS inverter of fig. 5 is also included.)

Fig. 7.

‘A’ . The driver of fig. 1 (a).
‘B’ . The driver of fig. 1 (b).
‘C’ : The driver of fig. 2 (a).
‘D’ : The driver of fig. 2 (b).
AE AEA A we) AYH 2T HHE 2

oA et

a8l gollAd A7k +7F 12 pull-down® npn E &%
28 Q,7F #AA 7] Aol pMOS =zl 4 MPE &
8 2 owlolast 2AsE e vebdeh  olw
MPE Zsjgdelold SAQeh Az 72 1& Q
b AR F MPA Zopiedeld) Sashe F2E o
epdch A7 72 S MP7h o] £} (linear) % ol
A E2sbe S vebddl of ool MPE %
# Q,9 wlolaz 2+ AR 3 Mol wis 3
£ok/) ol Q¥ TESH £ Hol viol W
of ATk webdl o) FolA) 2 WS el
= EEE 77 DelAxe 2o,

289+ 7)€ BICMOS Edlxj2¥ 9 ¢fFol
Aoz ovoltoll Al A 7= 453l Azst
7held wol AFAe £+ YL v Froh

gl 9ol A17ZE 71 I 2 pull-down$® npn E#
A28 Q,7F #A=l7] Aol 1 wlo|A7} nMOS EAN
A 2 MNE 53l A== F7loleh A7k 774



108 1989% 2H BWFLBGHRIIE £ 26% F 2 ¥
output output
;CL
input ;C.. input
e
Q4 Qe
= (a)
(a) input voltage
input voltage et
\
=1 Vop
0 time
(b)
0 time
output voltage
(b)
output wvoltage
Vop— V) time
)
ot oL\ '
oITm v time aglg. 29 29 BiCMOS +%31 29 pull-down
FAHAY slzet 9ty
(el (a) pull-downol ALE5]& 3|2
3 o g} &
g8, & =¥ely Ak BICMOS 753129 b) AR o7
oM () AgHe 27 o}y
pull-down &2H4| 9] 3|29} 5} Fi s i
(a) pull-downoll AR S|= 52 139.gfmmnﬂéﬁmmfrﬁdtMB§MOS
b) AwE YT+ o8 rivers .o .1g. m' pu -l ((Jiwn tl‘anSlt-IO.n.
(c) A8 Al 27 58 (a) fl cu'cu.lt ulsed in pulf— own transition,
Fig. 8. A circuit and output form of the proposed (b) mplft 151gna of fstep orm.
BiCMOS drivers in pull-down transition. () typical output form,
(a) a circuit used in pull-down transition.
(b} input signal of step form,
(c) typical output form,
#9)e x9a7t 27 dA) ol Q9 wiojx
olmg old #AL vtehAl ek dhAlgt of A
Lol Q9 wlols AHYE AT AflelA FHa @
I+ Q,7t AR & MNeo| Zsloddo| F &3 T+ o] MN9 AlolE9} 29 A712) AY}7t =517 o) F
2+g el A7 % 7 e MNol w|Z3H(%) o MN8l A7} dolae 2ol EAlgeh ¥ &
GoAollA Faste Faielrh of FlelA MNES & Fell4 Alkdte BICMOS T&slzoMe &7 A
& Q,9o] wlelas EE% HAFe T2 DolARc oot gl Aol Ael7} vz MP(2®8)9 %2
Hadez Q) FTAE AR/t dadeh ekl 2 29 Aole el HSlAsl Aok Wb L e fol
T A4 R4 %ﬂ I ol A B} Holzlch 4] AlQtstE BICMOS T% 329 pull-downAl 2| -+
£ =3olA ActslE BICMOS 539 7% T 5sHe ag2 b TEs|ZolME gle] &
2289 MP7h Estdodold S28 W 2 AEE  olAAE wE
A+ whzket & k=Y A Yol FWAEA  Hoh o] Aol A = 74]‘%} 4T Aol N FAE st

ozl &7 =abel A st A7t whet
MPE E3 Q,9 wlo|lA2 32t AF
A "ok 7129 BiCMOS F5 3204 E=MN (2

d ok A=
R i g ot

(247)

ot AA ol gl Alse Axtgel ofde] 2 A
Zell wtE 71271 kAl @k olx 7+ BiC-
MOS %3l 2rtet ol dodart b2y wifel



B THE 2 A2-¢ Helo BiICMOS 7532 109

s obg Aol A ol g st 7} BICMOS  %~26% weg & 4 3Uck

F5 31259 pull-down §2& wlmsbzch 2 EfolA Atshe BICMOS +53lays 71&
2. AAe 4T A5 Sol iR 7 BICMOS +& O TEHEERG MOS EdAand 55 134

259 ua FU 4 USE ALY o o4 pe Ba 54
7t BICMOS %329 7 dsidasl sfbolsl

RAA 2L #wE 7] da 2Y 59 2L 3

Z 74% T3 SPICEY AFaloldL geialch 4 input
48 = stelejele § 13 govy 7 £ae 3 Voltafe
e Mol A e, [ volt
2310 1pfe %54E FE5E 2 BICMOS 7 SN\a
E8l2%o] ¥ 27 pull-downAlel A Beljold A > 5
7% wefZrh CMOS clvfeiel Ay 4T A% ab
E A7 g4 A, W 281 ()Y FES o =% 6 time
29 97 As, Ve P10 dF 45, ¢ [nsec]

€ 2¥82d dF Ag, dE 292 b)Y 9
A5g vebdeh 2 Y 459 A Aol ohe

SEXS) PEpp output

27 A wWste 2y 2k H29 AL (D) [voltf
7b b wh2e), 3 chgol 181 (a) 9] B2 (‘AT),
2810 32('B), P22 HN2('C)
#oleh, 231 () #2sh 231 (@) Hzug 2.5
pull-downol %1 ol FZ shunting path E &= 4 >
28] MN(228 1 (b)) ©} pull-down% npn E =] AE 0 3 6 time
o Welx A A44e Wakdtr] el 23 [nsec]
2 ()2 329 pull-downo] 7}3 % °o]fE pull
up E#MR e g wfojiof shunting path B @3 =] A ¥ 0. ¥ =Tl Aekal: BICMOS +53a s
7t dZdslo] AAl ol pullup® npn E A AE 5} 7|29 BICMOS 75825
7} pull-down &#8 whelstr) wfFolc}, pull-down 2}l SPICE 4l gale]l4

ol Aboll A} AHE upe} o] B EBol4 Algtsl 75.#(%%% Fatel 2717F 196 A4
%%—ﬁ}%% (2% 1) 9 pull-downe 7129 24 ] (b) ‘z, . jig i E{j))j gij :‘%i :E
ot FEARERte of2b LAt 21 @ T ‘@ 1 ag2 @) 3ne JF Als
Fizerde WEE 4 4 g ag1e 49 4oz b) e dry gF As
7kal 2719 B34 Fsfol dhsped 18l 54 CMOS :A: f«l‘“': 1 (a):l ilif! i%—?‘ Az
Aniis) Yol AUy Ao e E04H e B G St
7t BiCMOS #5322 27 A$7l supply voltage D:ag2®me dze 27 A5
o} 50%0l w3lA H wizzlg A 471 wimd Fig.10. The SPICE simulation result in pull-down
Aolch. transition of the proposed and the

currently used BiCMOS drivers (The

=] 5l 1
AR & wgela Abste 2y 1@ output load capacitance is 1pf.).

BiCMOS 7§32 (‘A) & 27 pdl-dwnt) 2 =ad

‘8" I Input signalof the circuit of fig, 1(a)
&} 7o) 7]&e} 121 2(h) 8] FEBZ (D )BT ‘b’ ! Input signal of the circuit of fig. 1(b).
5%~15% 7Z A=k, 18 2{a) 94 FEFE(C oA ‘¢’ Input signalof the circuit of fig. 2(a)
o 26% ~31% BeE ¥ 4+ ok = 22 Wb ‘i’ g\put sig.nal (])f fthicirﬁzuit _Of ffigf.. 2(1b<) )
o 2% a N . . Output signal of the circuit of fig 1(a),
o FxHzs ('B)E3s %:‘L pull-down] 4“ A ‘B’ Output signal of the circuit of fig. 1(b).
A Alzkel 7129 28 2(b) ] FF B 2ol 4Lt 18 ‘C’ I Output signal of the crrcuit of fig. 2{a),
%~25% AA7k 27 2(2)9) FEB 2ot 13 ‘D’ I Output signal of the circuit of fig. 2 (b).

(248)



110 1989 2R BTIBEHRNEE £ 26% H 2 %
pull'quwn 232 b)Yy FE3 2ol duhe 5%~15% A#|at
o] A 922 (0)9) FEHZAMLGE 26%~31% Ho.
8 2819 b)Y FE33E+ 2 pull-downA &) A<
AlZbe] 27 2 (b) 9] FE 2ol R 18%~25%
. Azt 282 (a) o F53 2ol ke 13%~26%
Zeoh 2 =Feld Addte FEIEE VE T
325 (28 2)uch MOS Edlxl2e e A7l 1
0 5 10 load capacitance N37“ 2}7] uﬂ-‘ﬁi—o{] T e =9 5 Al—‘—i et
[pf] & olzi gt AL L4538 AHelrh
- w3 & =Foll4 A<tsh= BICMOS 532+
a8, ¥ =FolA Alekd BiCMOS %329 NEe) FE32 LR de] JF ALE AR
71E2| BiCMOS #5329 27 o] glol & FEHFeog ZTFo AshE non-inver-
pull-downA] & #1al A]7k<] W] = a ° QAL
(o] A Al7kol= 18 59 CMOS ting % 88 017 “ﬂ-r o ol& Zyrto g A&sle
oluje] o) Alod A7 Fabso] L) seslze AAE A & 4 e 299 A
‘A’ T g1 (@) 3= Y g
‘B a1 =
‘C’ rag2(a)d =
‘D adE2(bY = 2EIR

Fig. 11. The comparison of pull-down delay time [1] H.C. Lin et al,, “Complementary MOS-

between the proposed BiCMOS drivers bipolar ftransistor structure,” IEEE Trans.

and the ones of current using (In this Electron Devices, vol. ED-16, pp. 945-951,

delay time the delay time of the CMOS Nov. 1969.

inverter of fig. 5 is also included.). [2] M. S. Adler, “*A comparison between BiMOS

‘A’ : The driver of fig. 1 (a). device types’ IEEE Trans. Electron

‘B’ : The driver of fig. 1 (b). Devices, vol, ED-33, pp. 286-293, Feb.

‘C’ : The driver of fig. 2 (a). 1986.

‘D’ The driver of fig. 2 (b). [3] G. Zimmer et al., “A fully implanted NMOS,
CMOS, bipolar technology for VLSI of
analog-digital  systems,”” IEEE  Trans.

V. & e Electron Devices, vol. ED-26, pp. 390-395,
Apr. 1979,

B =RoME F A9 A2 BiICMOS 153 [4] K. Ogiue et al., “13nsec, 500mW, 64kbit
25 Aotstdoh(z& 1). °] BiCMOS +%3&+ ECL RAM using Hi-BiCMOS technology,”
non-inverting® £A-2 zZt+= o2 pull-down® u} IEEE J. Solid-State Circuits, vol. SC-21,
olZe} Edlz AH 9 Wlo|Ag 2AAFE AT pp. 681-685, Oct. 1986.
pMOS Edlx ~AH & A4Lal AL 1 Exdog 3 [5] F. Walczgk, “A merged CMOS/bipolar VLSI
o, process,” International Electron Devices

a1 e o . of s N Meeting Technical Digests, pp. 59-62, 1983,
2R b)Y TEEHEI @) TEALAZ [6] L.W.Nagel, SPICE 2: A Computer Program
T ANE pullupAlle Sx0b wach 2819 to  Simulate Semiconductor  Circuits,

b)e] 532 E 2 pull-upr] @l zlad A zke] 7|E 9
a7 2@ FFsjzolMRct 24%~29% FHov 2
A2be] TEIRoMRT} 31%~47% Reh ZH
12 (@9 FE32+ 2 pull-upAlY A dA]7ke]l 2

229 FE3olMrc} 20%~23% How 1
229 TEIRolE T} 279%~42% T
23 AYE pull-downAl 7] = £ 5+ 28 14 (a)

o FE3Es b)Y FEanc wack 281
2l @)Y F%53 2+ 2 pull-downAl 9 A A A]7ko]

(249)

(7]

(8]

Memorandom no. ERL-M520, College of
Engineering University of California, Ber-
keley, CA, 1975,

H.J. Santos et al., ‘“‘Optimization and scaling
of CMOS-bipolar drivers for VLSI inter-
connections,”” IEEE Trans. Electron Devices,
vol. ED-33, pp. 1722-1730, Nov. 1986.

A. Kanuma, “CMOS circuits optimization,”
Solid-State Electronics, vol. 26, pp. 47-58,
1983.



En:

(9] ojy 5, “MOS =¥ 4#e Ad A7 =2
P 2 24sts A% AAZET T A4
s =, Aeoidha dishel, 19899 14

R % E£(EHEB)

19635 12H 10H4. 1986 A%
ghate Axgata £, 1988F
Aghsta ojeh AR F
of. FHAEY HE. 1988F 3
A~#A Hegdstn Axbgsta
w1988 8H ~ dA &
ALY og FEFE FHAEoE BICMOSSE
29} opde Az AAFY.

°

F WM EEER)

19646 7H 6B4. 1987 2AH
C Agdstm AxFss Eq.
b 19895 28 Agdistm AAge
U3 4ala By FRAE
ok DRAM3 BiCMOS 3= 4
A % MOS +=8 329 sizing ¥

A2 3ejel BiICMOS +532

[10] P.E. Allen et al,

111

CMOS Analog Circuit
Design, Holt, Rinehart and Winston, New
York, pp. 108-111, 1987, *

€ xnt REeB)
19444 118 7 H4E. 19728 AH$
etm Azgets F9f. 19765
%9 Aachenthd} A 7387} 4 A}
89 #HE. 1981%F =< Aachenth
3 AZFstE dabEy A5
19864 ~d A M-gdista AAF
7 Yw4 19894 1 A ~ & 4) Massachusetts ins-
titute of technology Z 3w 4, F3A-EolE BiCMOS
slzAdA 5.

(250)



