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ABSTRACT

AlGaAs /GaAs HBT OR/NOR gate, which can be used for high speed digital system, was
designed. Equivalent circuit parameters of HBT were obtained from Gummel-Poon’s mode! and di-
rect extraction method. Simulation results with PSPICE showed that propagation delay time and
cutoff toggle frequency of designed gate were 25ps and 20GHz, respectively. the designed gate
exhibited superior properties to the recently reported HBT ECL!2! and MESFET SCFLU9! when

considering the fan-out characteristics and noise margin.
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Fig. 3. Gummel-Poon model.
oz HAHQ g HAA FAFeR AHHD £} o] W o A4 A %g HRTY EAL =435t
L 712420 dc Fe}olE & F28 F dc 40 AA 3
ole1gt FAIHE sAsT 7|&2] SPICESE &% W 2AAF 2 o] Fasea S ReiEE &
3= H4AE sl M AlGaAs /GaAs HBT9 dA & A&l ac SabuElE 2251 WAL Aestn Q)

Aol = E 2R 2 E FAs HHAIE ¥
o] AR T Ul ol 7]&e] AlEHH E°]
HBTS H&é wdadS Wst oA 7] wiol

12
B =2 Args a3 4o YERd AlGaAs-
/GaAs HBT %713 504 QHBT Gummel-Poon

511

www.dbpia.co.kr



SEERH G $ s il '92—5 Vol 17 No.b

l\l‘ﬂ"ﬂ ofgh Folw, oy &= Ay FEYA 9
atel 4 ololebsl A2 AF: aabgo)uh AFE
gtebul o] 4he TRW -t 4ol A 4] gl 2l 4] g o]
Bt A & 'ﬁolu} 53] #¥7) vho]e.r2 DHBT
& Ao} wlo] 2ol o gkor HAAg AL dnt

Fol wi§- #e- HBT® 545
LRebaL, wiol e 2 B9 s st HA

she glol FomM 94 Bl of 1 /2% #9

cee
OHAT T
M =)
I
W enea
[.__._.
Rob 1 ROD2
YV
8 o .
I Abba N onar
cbo l

12! 4. AlGaAs /GaAs HBT®l PSPICE M.
Fig. 4. PSPICE model of AlGaAs /GaAs HBT.
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Table 1. DC parameter of QHBT.

& e R l sebole gt
transportation saturation current Is ‘ 8 E-24
forward current emission coefficient | Nr | 1.179
b-e leakage saturation current Ise 30E-21
b-c leakage emussion coeficient Ne 1.6
forward current gain BE 169
reverse current gain AR 0.1
forward early voltage Va 150[ V]
b-c built-in potential Vie | 1.211V]
b-e built-in potential LVie L7V
b-e (-bias depletion capacitance Cie | I7l{F]
0-bias base resistance ‘ Rn 1‘ 34[ Q]
collector ohmic resistance | Re ’ 6(Q]
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Table 2. Parameter of diode(DHBT).

a ﬂ v a4 | gebvulg gt
Saturatlon current Is 1E-24{A]
Parasitic res, \ Rs 0,7(0hms ]
Emission coeff. i N 1.7
Grading coefficient M 0.5
Junction potential { Vi 1.71V]

W) 3] 2 o] sbebu] E
Table 3. arameters of subcircuit.
Rec 4(Q] Cbb 18[{F]
Rbb1 9(q] | Chbcl 3[F]
Rbb2  12(Q] ‘ Chc?1 3[{F]
Rbb3 9] | Ccc 37LfF]
Ree 3le] | Cee 114[ fF]
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HBT MODELING [-V CHARACTERISTICS QLRVE

Data/Time runt DI/10/82 19124132 Tenpereture127.0
8.0mA + + - +
4.0m4 - . 4

3.0mA +

2.0m ¢

. . . . . ib step 10uA

1.0t - .- -+
O.0nA Jupm’
1. OmA + +-- - + 4
0.0V 1.0v 2.0v 2.0V 4.0v B.ov
21C(@)

Voo

T8 5. A gelol el 9@ 1V S
Fig. 5. I-V characteristic curve by simulation.

FET4 TET3

NOR o— FET1 PET2

Vin Vref

rer E[h | [_.n:l s

2 6. AA1Y GaAs MESFET SCFL 32
Fig. 6. Designed SCFL with GaAs MESFET.
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Fig. 7. Region of threshold voltage (high speed operation).
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Firoll W E & 8] Fofl o] 2= MESFET
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2ulgl o]tz atar o}, A atete] AR E Lty
gty 1umE AME¢E glepiE & o] &8l +a st
stebu) el o] =& 48 vhg v 3ivh
Ips = B(Vas—Vps)? (1 —4 vps)tnah(a Vps)
Ies = Is{expl (Veo—Vso) /Vru|—1}
Iop = Is{exp[ (Veo— Vo) /Viu]—1}
Cos = 2:LW /[alx+y)]
Cop = nesW vy <1
Cop = (n/2)esW[1—2tan' /(y*—1) /n] .y >1
Rp = Kc /n+aW+Lic /[qun{a—a*) W]
R = pmW /3Lim
B = ueW /2L
Vro = oNb /2
V1 = Vbi—Vro

o 7] A,
[f = trnasconductance
=g HERE

a = tanh 44
Vi =KT/q
x=[ Vui—(Veo—Vso) ]/Vp
y=[ Vo—(Vco—Vo) ]1/Vp
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Table 4. MESFET parameter for SCFL inverter.

FET Gate Gate Bata Rs(Rp) Cos(Con)
Number Width(zm} Lengthiyml (mA/V)  (Q) (pF)

1 10 1 3.01 50 17
2 10 1 3.01 50 17
3 30 1 2.13 125 13
4 30 1 2.13 125 13
5 10 1 2.13 125 13
6 10 1 2.13 125 13
7 10 z1 2.13 125 13
Resistors Voltage Source | Diode Parameters

R 1.5KQ | ve 1.5V Is . 175 1%
Rex  15KQ ! Vss 35V Vo 0.74eV
Vet OV Rs 50Q
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Table 4. Frequency compensation coeffilent correspo-

nded with time constant.

Ki Term CML Ki Term CML

Ko TF 1.16 Kis | ReCrar 2.71
Kr | RiCia 2.52 Ku | ReCiex 2.86
Ko | RuCiex 2.55 Kis | ReCie 0.15
Ku | RLCIE 0.33 Kis | ReCop 0.30
Ke | RLCss 0.70 Kiz | RcCrs 0.92
Ko | RLCL 0.65 Kis | ReCL 0.27
Ko | ReCja 3.42 Kis | RECjc1 3.89
Kw | ReCicx 0.26 Kz | ReCrex 374
Ko | RBCJE 1.01 K21 ¢ ReCje 0.35

Ki | ReCop 1.30 K2 | ReCo Q.79
Ku | ReCss 0.25 Kz ReCrs 0.72
Kiz | ReCL 0.40 || K2 | ReCL 0.84
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Fig. 8. Designed HBT inverter.
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Fig. 9.Characteristics for designed GaAs MESFET

X SCFL.

(a) transfer curve (b) input-output waveform
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_Fig. 10. Chracteristics for HBT inverter
(a) transfer curve (b) input (c) output
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Fo v B v 120pe 160pe 200ps

Time
(b)
JE 1L Ad A &3
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Fig. 11. Measurement of delay time.

(a) measurement circuit (b) simulation result
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