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Abstract 

A new CML-type SETRESET latch has been proposed and fabricated using an InP-based RTD/HBT 
technology, By using the CML-type configuration in the proposed SETRESET latch, the high-speed operation 
and the compatibility with the conventional ECL interface have been achieved. The basic operation of the 
proposed circuit has been confirmed through the DC transfer characteristic measurements. Also, the operation 
of the fabricated circuit with common-emitter output buffers has been demonstrated up to 10 Gbis with IOW 
power consumption of 23 mW. This result indicates that the proposed CML-type topology can be exploited in 
the SETRESET latch of the MOBILE-based D-flip flops for high-speedlow-power digital applications. 

1. Introduction 
High-speed large-capacity optical communication systems 

demand the development of ultra-high speed electrical digital 
circuits. To realize an effective system, the development of D- 
type flip flops (D-FFs), which operate at high speed with low 
power consumption, is needed. As one of the most promising 
candidates for future high-speedlow power digital circuits, 
the negative differential resistance (NDR) digital ICs using 
resonant tunneling diodes (RTDs) have been intensively 
studied in recent years [I] .  The NDR ICs with a retum-to-zero 
(E) mode output, such as a 35 Gbis RTDiHEMT D-FF [ 2 ]  
and a 80 Gbis UTC-PD/RTD optoelectronic D-FF [3], have 
been reported based on a MOBILE (Monostable-BIstable 
transition Logic Elements) scheme. However, in order to 
enable the RTD-based NDR digital ICs to be compatible with 
the conventional SCFL (source-coupled FET logic) or ECL 
(emitter-coupled logic) architecture, the RTD-based NDR IC 
with a non-return-to-zero (NRZ) output is required. 

In this work, we propose a new Current Mode Logic 
(CML) type SETiRESET latch (SR-latch) with NRZ outputs 
using an InP-based RTD/HBT technology. The proposed 
circuit can be exploited in the SR-latch block of the high- 
speedlow-power MOBILE-based D-FFs and provide the 
compatibility with the conventional emitter-coupled logic 
(ECL) architecture. The circuit configuration and operating 
principle of the proposed circuit are described in Section 11. In 
Section 111, a process technology that integrates RTD and 
HBT monolithically is introduced. The performance 
characteristics of the proposed SR-latch are demonstrated and 
discussed in Section IV. 
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Fig. I .  Block diagram of MOBILE-based Non-retum-to-Zero 
( N E )  D-flip flop. 

11. Circuit Configuration and Operating 
Principle 

Fig. 1 shows a block diagram of the MOBILE-based NRZ 
D-FF. The MOBILE core generates RZ-mode SET and 
RESET signals in accordance with the input data. Since the 
outputs of the MOBlLE core are in a RZ-mode, the SR-latch 
is needed to generate the NRZ-mode output. The conventional 
SR-latch is composed of serial pairs of RTD and HBT (or 
HEMT) as shown in Fig. 2(a) [4]. In the MOBILE NRZ D-FF 
using the conventional SR-latch, the overall speed of the D- 
FF is limited by the lower operation speed of the SR-latch, 
which is due to the unavoidable HBT operation in the 
saturation region, forced from the serial circuit topology. To 
solve this problem, a new CML-type SR-latch is proposed in 
this work as shown in Fig. 2(b). The proposed CML-type SR- 
latch is composed of the emitter-coupled HBTs and RTDs 
which are series-connected with HBTs. 
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Fig. 2. Circuit configuration of (a) the conventional 
SETiRESET latch and (b) the proposed CML-type 
SETIRESET latch. 
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(b) 
Fig. 3 .  (a) The non-inverted (OUT) and (b) inverted (m) 
output voltage characteristics with respect to the SET (VSET) 
and RESET (VRESET) voltages. 

The proposed CML-type SR-latch has several advantages 
over the conventiona1 SR-latch. First, the operating speed of 
the CML-type SR-latch can be enhanced by the HBT 
operation in the active region out of saturation, thus avoiding 
storage time delays. Second, the SET and RESET input 
signals have the same voltage levels so that the additional 
level-shifting circuit such as a diode is not necessary. In 
addition, the proposed circuit provides the differential outputs 
which simplify the complementary logic design with the 
conventional ECL interface. 

(b) 
Fig. 4. (a) Schematic cross-sectional view of the 
monolithically integrated RTD and HBT IC and (b) the 
microphotograph of the fabricated CML-type RTDiHBT 
SETiRESET latch. 

The operating principle of the proposed CML-type SR- 
latch is as following. - Fig. 3 shows the non-inverted (OUT) 
and inverted (OUT) output voltage characteristics with 
respect to the SET (V,,) and RESET (VRESET) voltages. 
Since the VsET and VRESET signals are in a RZ-mode generated 
by the MOBILE core, the states, at which both VsET and 
VRESET are HIGH, do not exist. When both VsEr and VREsET 
are LOW, the states of non-inverted (OUT) and inverted 
(OUT) outputs hold the previous states with both ISET and 
IRESET at 1EE/2  due to the emitter-coupled CML configuration. 
And then, when VREsET is sufficiently higher than VSET, where 
IRESET becomes - IEE with I ~ E T  = 0, the non-inverted (OUT) and 
inverted (OUT) outputs switch to L O W .  and HIGH, 
respectively. When VsET is sufficiently higher than VREsET, the 
states of outputs are opposite to the case of VRESET > VSET. For 
the proper operation of the CML-type SR-latch, the IEE should 
be 

I p  -= IEE < 2 . l p  
where I p  is the peak current of RTD. In this work, iEE sets to 
be 1.5.1~. The states of OUT and OTT in accordance with 
(SET, RESET) = (H, L), (L, L), (L, H), and (L, L) are 
described by States 1, 2, 3, and 4 in Fig 3. Consequently, this 
circuit generates the differential NE-mode outputs in 
accordance with the RZ-mode SET and RESET signals. Since 
the proposed circuit can be realized with the reduced device 
count and low power consumption in the complementary- 
mode circuit design, the high-speed operation and low-power 
consumption of the MOBILE-based NRZ D-flip flop can be 
achieved by using the CML-type SR-latch. 

- 

(2.1) 
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111. Device Structure and Fabrication 100 mV/div.. 200 uddiv 
Epitaxial layers for the monolithically integrated RTD and 

HBT IC, with the schematic cross section shown in Fig. 4(a), 
were grown by MBE on a semi-insuIating InP substrate. 
InP/lnGaAs single HBT layer and InP-based pseudomorphic 
AIAs/InCaAs/lnAs/lnGaAs/A1As subwell RTD layers were 
grown sequentially from the bottom to the top. The devices 
were fabricated by optical lithography and the wet etching 
technique. The detailed layer structure and fabrication are 
described elsewhere [5-61. The peak current density (Jp)  of the 
fabricated RTDs was 80 kA/cm2 with a good peak-to-valley 
current ratio (PVCR) of 12 at room temperature. The peak 
voltage of the device was 0.28 V. The HBT showed a peak 
current gain of 50 with a turn-on voltage of 0.75 V. The 
maximum fT and f,,, of the fabricated HBT were 123 GHz 
and 82 GHz, respectively. 

Fig. 4(b) shows a chip microphotograph of the fabricated 
CML-type SR-latch. The sizes of the RTDs and HBTs were 
chosen to be 2 X 2 pm2 and 2 X 5 prn', respectively. 

1V. Measurement Results 
In order to confirm the DC operation of the fabricated 

CML-type SR-latch, the measurement of the DC transfer 
characteristics was performed. Fig. 5 shows measured non- 
inverted (OUT) and inverted (OUT) output voltages as a 
function of the RESET voltage of the fabricated CML-type 
SR-latch at a fixed SET voltage of 0.0 V. As shown in the 
figure, the non-inverted (OUT) and inverted (OUT) outputs 
showed the different behavior with VRBSET. As VRESET is 
increased from -0.2 V to +0.5 V, the non-inverted output 
transits HIGH to LOW at VRESET > VSET, while the inverted 
output transits LOW to HIGH at V R ~ ~ ~ ~  > VsEr + 0.15 V. 
Since the 1~~ is designed to be 1 . 5 . I p ,  both I ~ E T  and IRESET are 
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Fig. 5. Measured (a) non-inverted (OUT) and (b) inverted 
(m) output voltages of the fabricated CML-type 
SETRESET latch as a function of the RESET voltage at a 
fixed SET voltage of 0.0 V. 

(b) 
Fig. 6. Measured (a) RZ-mode SET (upper) and RESET 
(lower) and (b) NE-mode non-inverted (upper) and inverted 
outputs (lower) waveforms at 6 Gbis operation. 

equal to be 0.75& in the hoId state. When the output transits 
HIGH to LOW, the operating point current of output becomes 
higher than lp with a small voltage difference between VseT 
and VRESET. However, when the output transits LOW to HIGH, 
the operating point of output moves from State 2 to State 3 as 
shown in Fig. 3(b). For the transition of output to HIGH, the 
operating point current of output should be lower than the 
valley current (Iv) of RTD. So, the voltage difference between 
VSET and VREsET by 0.15 V. is required for output to transit 
LOW to HIGH. As VRESET is decreased from, + O S  V to -0.2 V, 
the states of the outputs are opposite to the case where VKESE~ 
is increased. As shown in the figure, the DC operation of the 
proposed CML-type SETiRESET latch has been confirmed. 

To verify the high-speed operation of the fabricated CML- 
type SR-latch, the measurement has been conducted on wafer 
using a pulse pattern generator (Anritsu MP1763B) and a 
digital communication analyzer (Agilent 83484A). Because 
the pulse pattern generator used in this work generates one 
channel NRZ-mode data stream, the complementary RZ- 
mode SET and RESET signals have been obtained by using a 
power splitter and a phase shifter. Also, common-emitter 
output buffers have been included in the SR-latch €or the 
large-output voltage swing and impedance matching to 50 R 
systems. Fig. 6(a) shows an RZ-mode pattemed bit stream of 
1100 fed into the fabricated IC input at 6 Gbls. The measured 
non-inverted (upper) and inverted (lower) output waveforms 
for the RZ-mode input data pattern of 1100 are shown in Fig, 
6(b). As shown in the figure, the NU-mode non-inverted and 
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Fig. 7. Measured NRZ-mode non-inverted (upper) and 
inverted outputs (lower) waveforms at 10 Gb/s operation. 

inverted outputs of the circuit have been obtained at this bit 
rate. 

Fig. 7 shows the result of operation with the NRZ patterned 
input data stream of 0101001 1 at I O  Gb/s. As shown in the 
figure, clear NRZ-mode non-inverted and inverted outputs of 
the CML-type SR-latch were oblained at this bit rate. The 
amplitudes of the non-inverted and inverted outputs were 11  2 
mV and I14 mV, respectively. As shown in Figs. 6 and 7, the 
operation of the fabricated CML-type RTD/HBT SR-latch has 
been confirmed up to 10 Gb/s, which is the speed limit of 
measurement system. The measured DC power dissipation of 
the circuit was 23 m W  including the common-emitter output 
buffers at 10 Gb/s. 

V. ConcIusion 
A new CML-type SET/RESET latch has been proposed and 

fabricated for the first time, which can achieve both high- 
speed and low-power operation. From the DC transfer 
characteristic measurement, the basic operation of the 
fabricated SR-latch has been confirmed and analyzed. In 
addition, the high-speed operation of the fabricated SR-latch 
with common-emitter output buffers has been demonstrated 
up to 10 Gb/s with low power consumption of 23 mW. This 
result shows the great potential of the proposed circuit for 
high-speedlow-power MOBILE-based NRZ D-flip flops. 
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