
A 5-GHz SiGe HBT Return-to-Zero Comparator
Weinan Gao, W. Martin Snelgrove, Theodore Varelas, Stephen J. Kovacic*, and David L. Harame#

Department of Electronics, Carleton University, Ottawa, Ontario, Canada Kl S 5B6
l Telecom Microelectronics Centre, Northern Telecom Ltd., Ottawa, Canada Kl Y 4H7

‘IBM Research Yorktown Heights, N. Y. 10598, USA

Tel: (613) 788-2381, Fax: (613) 788-5708
E-mail: wgao@doecarleton.ca & snelgar@doe.carleton.ca

ABSTRACT A monolithic comparator imple-

mented in a SiGe HBT technology is presented. The

circuit employs a resettable slave stage, which was

carefully designed to produce return-to-zero output

data. Operation with sampling rates up to 5GHz has

been demonstrated. The comparator chip has an
input range of 1.5V, dissipates 89mW from a 3-volt

supply, and occupies a die area of 407x143um2.

Introduction

There is a demand for high-speed bandpass delta-

sigma analog-to-digital converters for high-speed tele-

communications systems such as satellite telephony

and digital radios [l]. In high-speed A/D converters,

the comparator has a crucial influence on the overall

performance, especially on the speed performance,

that can be achieved. Figure 1 shows a practical

architecture for an LC bandpass delta-sigma A/D con-

verter, where the comparator acts as a data sampler

and one-bit quantizer. The comparator is required to

produce return-to-zero (RZ) data in the feedback loop

for good linearity [2].

The recently demonstrated integrated inductor [3]

should, in principle, permit bandpass conversion at

giga-hertz frequencies with LC resonators. This would

allow digital radios to be implemented with fully mono-

lithic digital IF and baseband stages, which requires

that comparators can be sampled at 3.6GHz for a

9OOMHz carrier. GaAs has traditionally been the only

contender for applications above this frequency [4].

The emergence of production ready SiGe heterojuc-

tion bipolar transistors (SiGe HBT’s) offers an alterna-

tive technology which meets such high speed

challenges [5]. In this paper, we report a SiGe HBT

ECL return-to-zero comparator that exploits the

attributes of SiGe HBT technology and achieves a

sampling rate up to 5GHz.

SiGe HBT Technology

The SiGe HBT technology provided by IBM is a

high performance bipolar process using a SiGe epi-

taxial graded-base transistor, which has a 0.5um emit-

ter width [6]. It features HBT NPN transistors,

polysilicon resistors, three levels of metal intercon-

nect, and substrate contacts. Typical standard device

parameters for 0.5 x 2.5um (TX1) and 0.5 x 10um

(TX6) emitter-are a devices are given in Table 1.

Table 1: Typical SiGe HBT Device Parameters

Parameters TX1 TX6
I

btbE = iv& = hA) i 100 1 130

fT (VcE = lV,Zc = 1nA) 39GHz  43GHz

fMAx (VcE = 1 V,& = 1mA) 52GHz  5OGHz

Circuit Design

Conventional circuit configurations were used in

the circuit design. The comparator circuit shown in

Figure 2 consists of an input buffer, a clock buffer, a

preamplifier stage, a core latching comparator, a slave

latch, and an output buffer. The use of differential sig-

nals in both the data and clock paths leads to a fully

symmetric topology.

The latching comparator is a conventional series

gated configuration. The circuit alternates between



two operation modes: the sampling mode and the

latching mode, depending on the state of the clock

inputs. Clock signals, clk and a, drive the differential

pair formed by Qs and Qh, and steer current between

two cascoded differential circuits (QI to Qt) with shared

collector resistors. In the sampling mode, the latching

comparator operates as an amplifier by producing the

output voltage, AL ( Vin+ - Vin_) , based on the differen-

tial pair QI and QZ. In the latching mode, the other dif-

ferential pair Q3 and Qd is activated by the change in

the state of clocking signal, and thereafter the output

voltage is regenerately amplified and latched by posi-

tive feedback through emitter followers QT and Qr+

The value of load resistors RI and RZ can be calcu-

lated based on the output voltage swing and the bias

current. However, this simple calculation may not

result in an optimum value for approaching the mini-

mum propagation delay. In the design, the bias current

was selected as 1.2mA to make switching transistors

operate at a point corresponding to almost the maxi-

mum device fT over the desired range of operating

conditions. A typical logic swing of custom ECL cir-

cuits is 400mV. It is, however, desirable to reduce the

output voltage swing for speed and to be compatible

with a 3V supply. The minimum output voltage swing is

mainly limited by the voltage required to fully switch the

current through the differential pair, the extrinsic emitter

resistance, and the noise margin. HSPICE simulation

was used in the work to draw the optimum load resis-

tance for achieving the minimum propagation delay

versus the voltage swing. Based on the simulation and

the limitation on the minimum voltage swing, an inter-

nal differential logic swing was chosen as 2OOmV

which resulted in load resistor values of 85II2.

The broadband differential preamplifier stage

amplifies the input signal by a gain Ap and feeds this

signal into the latching comparator. This helps the out-

put of the latching comparator change state quickly

since the output swing of the latching comparator is

increased to A+lL (Vin+ - Vin_) in the sampling

mode. To optimize the input signal response, the

preamplifier was designed to have the same time con-

stant as that of the latching comparator. To realize this,

the resistor value of Rpl and Rp2 was chosen as

3OOQ, which sets the gain of the preamplifier to about

6.4. The emitter followers Qr,3 and Qti were used to

reduce the clock flashback to the input and make a

voltage level shift. It is expected that the small base

resistance of SiGe HBT’s would minimize the ringing

caused by fast clock steering operation. The reason

is that the output inductance of the emitter follower is

directly proportional to the base resistance of the emit-

ter follower circuit [3]. This, in turn, makes the reso-

nance between the follower load capacitance and

output inductance shift to a higher frequency (about

11.7GHz based on the theoretical calculation and

HSPICE simulation).

The differential output of the core latching com-

parator is fed to the slave stage, which is similar to the

core latching comparator. To produce return-to-zero

data at its output, the latching comparator used for

implementing the slave stage was modified by adding

a transistor Qrt controlled by z to asynchronously

reset the latch output to the logical “0” state when the

latch is in the latched logical “1” mode. QrZ was added

to keep symmetric differential operation. For proper

return-to-zero operation, the DC voltage level of Qrt

has to be compatible with the output of the slave

stage. However, the DC bias voltage level for the

clock steering differential pairs (Qs and Qh, and QId

and QIs) needs to be carefully set up to avoid differen-

tial pair transistors operating in saturation, especially

for a 3V power supply. Voltage dividers (formed by

F&t and RcZ, and RcY and RJ were therefore used to

provide a proper DC bias voltage level. The slave

stage also helps to reduce metastable states by pro-

viding additional amplification of the input differential

signal, and it extends conversion speed by holding a

stable comparison result for a complete clock cycle. A

note here is that there is no sampling clock delay pro-

duced at the output of the comparator. Another mas-

ter-slave stage can be added to the comparator to

create one clock delay to meet the requirement of the

feedback loop design of LC bandpass delta-sigma A/

D converters, which would also result in further reduc-

tion of metastable effects.

The output buffer amplifiers were designed for a

gain of 1 x into differential 50 ohm loads, with minimum

loading of the internal comparator output, and suffi-

cient bandwidth to minimize waveform distortion.

Standard transistors were used throughout the



comparator design. The TX1 transistor was used in

the comparator design excluding the output buffer

stage to minimize the power dissipation and layout

area. The transistors used in the buffer circuit were

TX6. The designed comparator chip contains 43 NPN

transistors and 24 resistors.

Simulated and Experimental Results

The comparator has been fabricated as a part of a

test chip in the IBM SiGe HBT technology. Figure 3

shows a photomicrograph of the circuit. The total test

chip area is l162x606um2, while the core circuit occu-

pies an area of 407x143um2.

Table 2: Simulated and Measured Parameters

Parameters Simulation Experimental

Power Consumption 85.93mW 89.04mW

Off set Voltage

Input Voltage Range

<1mV <1mV

1.5V 1.5V

1 Rise Time (l0%-90%) 1 62ps 1 avg. 76ps 1

Fall Time (90%-10%) 7ops avg. 84ps

Clock Frequency max. 5GHz max. 5GHz

Output Voltage Swing

Sensitivity

200mV 147mV

<2mV <4mV

Table 2 lists the simulated and experimental results

for the circuit. The measured and simulation results

are in good agreement. The low voltage output swing

is due to manufacturing variation in nominal resistor

values, which are smaller than the designed values.

The return-to-zero operation of the comparator results

in the difference between the rise time and the fall time

in both measurement and simulation. “Sensitivity” esti-

mates the width of the metastability region on the input

when clocked at 4GHz.

Figure 4 shows simulated waveforms, while the

measured input and output waveforms are given in Fig-

ure 5. Both cases were run at a clock frequency of

4GHz with the input frequency set at 1 GHz.

To demonstrate its application for A/D converters,

Figure 6 shows a simulated output spectrum of the

comparator embedded in a fourth-order LC bandpass

AZ modulator with centre frequency of 1 GHz and sam-

pling frequency of 4GHz. The resultant signal-to-noise

ratio for 1 OMHz bandwidth is 49.5.

Conclusion

A high-speed SiGe HBT comparator has been

developed which provides good performance with

sampling frequency up to 5-GHz. The giga-hertz

return-to-zero data output of the comparator would

make LC bandpass delta-sigma analog-to-digital con-

version on silicon possible.
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