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Static Frequency Divider Featuring Reduced
Circuit Complexity by Utilizing Resonant
Tunneling Diodes in Combination with HEMT’s

Kunihiro Arai, Hideaki Matsuzaki, Koichi Maezaw&jember, IEEE
Taiichi Otsuji, and Masafumi Yamamot®jember, IEEE

Abstract—A static frequency divider constructed with reso- Vag  Vag Vv

nant tunneling diodes (RTD’s) in combination with HEMT'’s is _ dd

proposed and demonstrated. The circuit complexity is reduced CLK CLKi %

is demonstrated at room temperature by a quasi-static test pat- Vout
tern. >0
The circuit includes two sub-circuits which behave like D- L %L:ff?grt
latches. Each sub-circuit consists of only three components. This
number of components is one fifth of that required to construct

a D-latch using conventional SCFL technology. The strong non- = =

drastically. The proposed circuit is fabricated using InP-based e i
RTD/HEMT monolithic integration technology. Proper operation

linear I—V characteristics of RTD’s are fully utilized for this @
reduction.
v sc1. sc2 v
0 e dd
. INTRODUCTION ad CLK 1} CLK |
IGH-SPEED digital IC’s have recently reached 40 GHz Tl 7 v
operation in static binary frequency dividers using In- ot | AN Vout

AlAs/InGaAs HEMT’s with 0.1-mm gate length [1], [2]. The

AO A1 E —0
inherent problem with these circuits is the relative increase Vin h ) :
. .. . . . o[ Y driver HrY i 1rxY
in the transmission delay time caused by the interconnection. 4  clement [ 14 4 .

One of the approaches to overcome this problem is to re-
duce circuit complexity and interconnection line length. We
propose, and demonstrate here, the use of resonant tunneling (b) ©

dIOdeS.(RTD'S?' S.tatIC f.requency dIVIderS. ar? CO”StrU‘?teq % 1. Circuit diagrams: (a) present circuit, (b) sub-circuit, and (c) simplified
RTD'’s in combination with HEMT's. The circuit complexity is circuit.

reduced and the interconnection line length is shortened. The

basic operation mechanism of the present circuit is confirmed. . -
as a D-latch in the circuit. Three components are far fewer than

[I. CIRCUITS AND OPERATION MECHANISM the fifteen required to construct a D-latch using conventional
Lo - SCFL technology [1], [2].
The circuit diagram of the proposed static binary frequency The sub-circuit operates as follows. The peak of the driver

divider is shown in Fig. 1(a). The divider consists of two sub- tis desianed to b ller (1 than that of the load
circuits for the first and second logic stages and a conventioffdf Nt 1S designed to be sma er (larger) than that of the loa

HEMT inverter for the third stage. The output of the third stag u/rrent wher_ﬂ/in Is in the Ioglc I,OW .(h'gh) level L (H). For
is fed to the first stage. The essential part of the sub-circuit I9d appropn_ately chosen “ké/d_dl in Fig. 2(a), two stable
composed of a load and driver element as shown in Fig. 1( erating points appear for a g|véfih:-for Vin = H_’ Vi and
The load element is an RTD. The driver element is a parallep’ and forViP = L,V> andVy. The '09'0 low and high levels
connection of an RTD and a HEMT. The driver current of"® then assigned to the voltage region arolipand vz, and
the sub-circuit can be modulated by the input bilg, The that aroundVs andVy. In contrast, wherVy, is L, i.e., for
sub-circuit is a monostable-bistable transition logic element, 8¥@mpPIeVi, = Viq,, only one operating point appears for a
MOBILE, which has been applied as a logic gate [3], [4]. Th@IVen Vin: for Vi, = H, Vs and for Vi, = L, Vs. The sub-

sub-circuit, with only three components, effectively function§ircuit operation is summarized by the three principles listed
below, provided that/;, is in the range betweeh and H.

Manuscript received April 11, 1997; revised June 10, 1997. 1) While V(id is H, the |OgiC level of¥,,; remains unchanged.
The authors are with NTT System Electronics Laboratories, Kanaga il . .

Pref., 243-01 Japan. WhenV, is L, Vo is L. 3) The inverse oV, appears at
Publisher Item Identifier S 0741-3106(97)08114-7. Vour When'V, changes fromL to H.
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CLK

- —1 ! L Fig. 3. Schematic cross section of the present device. InGaAs/InAs/AlAs
| T resonant tunneling diodes and InAlAs/InGaAs HEMT'’s are monolithically
integrated on a semi-insulating InP substrate. Epitaxial layers are grown by
a molecular beam epitaxy method. The RTD junction ared is 5 pm?

and the gate length of the HEMT'’s is Oi/m. The RTD exhibited a high

Ay T v ! peak current density af.2 x 10> Alcm? with a good peak-to-valley current

E _OJ—_O—L_ ratio of 12. The peak voltage was 0.35 V. The HEMT also exhibited a high
transconductance of 900 mS/mm with a threshold voltage @fL V.
T ™ 2% Terx
(b) At t;, CLK rises from L to H. This meansV, for SC1
Fig. 2. Operation mechanism. (a) Load diagram for the sub-circuit: TWdS€S. Becaus&’;, for SC1, i.e., the inverse ofi;, is L at
driver characteristics are plotted corresponding’ip = H and L. The two  this moment,V,y, for SC1, i.e., Ay becomesH (principle
Iqad curves correspond to the appI|edvlb|ase$/’(rf%,f1 andVy,,. For a given 3). This means the input of SC2 changes, becatigés the
Vin, there are two stable points whén, = V;,,. In contrast, only one . .
stable point exists wheli], = V1. (b) Timing diagram for the simpliied iNPuUt for SC2 as well. However, the SC2 output, i.e,
circuit [Fig. 1(c)] with definitions of CLK and CLK. The period of CLK is keeps the initial valueH (principle 1). Thus, principle 1)

ToLK. The timesty, t2, - - - tg are the rising edges or falling edges of CLK or ; ; ; t'mg ;
CLK pulses, and are important for understanding the circuit behadigra guarantees proper circuit operation by protec against

and E are node potentials derived by principles 1), 2), and 3) in the text. TIR€ING affected by the changd, itself brings about. At
period of doublerc,,i shows the static binary frequency divider operatiort,, CLK, i.e., V(id for SC2, falls fromH to L. Then, SC2

of the simplified circuit. output, i.e.,A; becomesL (principle 2), changing the SC1
input from L to H. Again, principle 1) forbids SC1 output to
While VI, is H, transitions between the logic low andchange and guarantees stable circuit operation. The behaviors

high levels never occur. This is because the variation 8fts,t4,---¢s can be understood similarly on the basis of the
the driver characteristics is limited to the range between tHe'ee principles. At t8, the simplified circuit recovers the initial
two curves forVi, = L and Vi, = H in Fig. 2(a). Thus, State att, showing the period of the cir.cyit is doubterxk.
principle 1) is reasonable. Principle 2) is obvious. WHél T.husl, thg circuit is a 1/2 frgquency divider. In the present
is in the logic low level likeV],,, the operating points are CIrcuit [Fig. 1(a)], the CLK is connected to the gate of a
always between zero afid,, i.e., in the logic low level. For HEMT inserted between the power supplyy, and the sub-

principle 3), assumé@, is H (L). Then, the peak current of circuit. However, this difference is not essential if the voltage
the driver element is larger (smaller) than that of the lo op between the source and drain electrodes of the HEMT is

element. During theV;j, sweep, the potential drop acros§Uﬁ'C'ently large (small) folCLK = L (H).
the driver (load) element is smaller than the peak voltage of

that element. Thus, after thé;, change, the operating point

becomesV; (V) in the logic low (high) level. [ll. EXPERIMENTS AND RESULTS

Next, the timing diagram of a simplified circuit [Fig. 1(c)] The circuits were fabricated using InP-based RTD and
is discussed. Here, the input signals to the sub-circuits, CEMT integrated device technology [4]. A schematic cross
andCLK, are assumed as in Fig. 2(b) with a periodref.x. section is shown in Fig. 3. The double barrier structure for the
Notice that there are overlapping periods between CLK amD’s consists of an InGaAs (1.2 nm)/InAs (2.2 nm)/InGaAs
CLK pulses like the period betweefi and¢;. The nodes (1.2 nm) strained well and two AlAs (1.7 nm) barriers sand-
which play the roles oW/, Vi,, and V,; in the sub-circuit, wiching the well. The HEMT structure includes an undoped
SC1, are CLK, E (the inverse of; ), and Ao. Those for SC2, InGaAs channel layer. The gate length of the HEMT is;@nT.
are CLK, Ay, and A4;. Initially, i.e., at ¢y, 4y, and A; are Fig. 4 shows a proper quasi-static test pattern for a fabricated
assumed to bé and H, respectively. The diagram [Fig. 2(b)]static binary frequency divider measured at room temperature.
is derived by applying the above principles to the times whéhe present circuit consists of only ten devices. This is in stark
CLK or CLK varies liket;, t, -, etc. contrast to the up to 30 devices found in a conventional SCFL
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the two sub-circuits is about 20 mW. The inverter consumes
5 mW, so, the total static power consumption is about 25
mW. We expect the circuit to lead to reduced power at high
frequencies.

IV. CONCLUSIONS

We have described a static binary frequency divider with a
simplified circuit configuration achieved by utilizing the func-
tionality of two series-connected resonant tunneling diodes in
combination with HEMT’s. The proposed circuit was fab-
ricated using InP-based RTD/HEMT monolithic integration
technology, and proper operation was confirmed experimen-
tally at room temperature. The results indicate the circuit
configuration utilizing RTD’s in combination with HEMT’s

Fig. 4. A quasi-static test pattern demonstrating proper operation forig a candidate for extending the frequency range of electron
fabricated static binary frequency divider. Measurements were preformedgtyices.

room temperature. Heré,,,. is an inverse off in Fig. 1(c), because the
output buffer [Fig. 1(a)] inverts the signal.
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