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1 Introduction 

In order to interface the superconducting electronics (SCE) based on rapid single 
flux quantum (RSFQ) logic with room temperature electronics, which needs much higher 
switching energies than offered by SCE, and without significant degradation in the signal 
to noise ratio (SNR), an intermediate cooled (e.g., 77K) amplifier was proposed based on 
SiGe HBTs [1]. The performance of SiGe HBTs improves with cooling [2,3] and hence 
SiGe is ideally suited for this application. The output data rate from the SCE is between 
0.2 Gbps and 20 Gbps, and therefore the analog bandwidth of the intermediate amplifier 
needs to be at least 15 GHz [4]. Since IBM's 120 GHz peak f T  process (7HP) should 
provide the required bandwidth [5], we initially used IBM's 7HP SiGe process for the 
wideband amplifier design, but have also completed secondary designs using IBM's 8HP 
SiGe technology, both of which are described. 

1.1 Accomplishments 

• We have designed, simulated, and taped-out multiple versions (7HP + 8HP) 
of the SiGe digital amplifier circuit, along with associated debug circuits. 

• These SiGe digital amplifier circuits display usable bandwidth in excess of 20 
GHz and mid-band gain >50 dB upon full post-layout parasitic simulation, in 
principle meeting the required specifications. 

• Preliminary 7HP/8HP dc and ac transistor measurements at low temperature 
on transistors at low temperatures were performed to quantify the device-
level performance of the respective technologies. 

• The 7HP SiGe amplifier was fabricated, and functionality has been 
demonstrated, with complete characterization on-wafer at Georgia Tech 
down to cryogenic temperatures. 

• The 7HP SiGe amplifier die were delivered to Hypres for placement in their 
package and measurement inside their superconducting system application. 

• The 8HP version of the amplifier was designed and is still in fabrication. It 
will be tested at a later date. 

2 Circuit Design & Layout 

2.1 7HP Version #1 

The wideband digital amplifier contains three differential amplifier cells with 
transimpedance loads. Transimpedance load has very low input impedance, thus 
suppressing the Miller effect and also causing gain peaking, thereby improving the 
bandwidth [6]. An emitter-follower precedes each of the gain stages. The input is 
matched to 50-Ohm. The output buffer is a simple emitter follower stage capable of 
driving a 50-Ohm load. Due to the 50-Ohm matching at the output the total power 
consumption is high in the output buffer. This power consumption can be dramatically 
minimized by matching the output of the amplifier to the input of the succeeding ECL 
logic, which has much higher input impedance. 
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Fig. 1. Schematic of stages 1 and 3 of the amplifier. 

Fig. 2: Amplifier layout showing all 3 stages. 

The three stages of the amplifier are DC-coupled to each other and to the I/O buffers, 
enabling cascading of these stages. The overall mid-band gain of the amplifier is —43 dB. 
We do plan to enhance the gain to obtain ECL voltage levels at the output in our future 
designs. Fig. 1 shows the representative schematic of the three stages of the amplifier. 
Fig. 2 shows the layout of the overall design. We have also included individual stages of 
the amplifier in this tape out for further analysis. 
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2.2 7HP Version #2 

In order to improve the overall performance of the amplifier from the previous 
design the output buffer was changed from a simple emitter follower stage to a 
differential pair, which has a better gain and also introduces lesser gain peaking than an 
emitter follower [7,8]. An extra emitter follower stage was added in between the stages to 
improve the isolation between stages [9]. The design of the core stages were maintained 
the same as the previous design. Driving a 50-ohm load has limited the extent to which 
we can decrease power dissipation. Right now the power dissipation stands at about 
0.3W/channel (slightly higher than design #1). 

The layout of all the stages of the amplifier has been dramatically shrunk from the 
previous design (Fig. 3). While the core amplifier area has been reduced dramatically, the 
total area is still limited by the size of the bonding pads. The total area of the amplifier 
has been reduced from 0.87x1.67 mm 2  to 0.975x1.125 mm2 . The pos-parasitic circuit 
simulation results are summarized in Table 1. 
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Table 1: Post parasitic extraction simulation results (all at room temperature). 
Parameter 
	

August run 
	

November run 
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Bandwidth (-3 dB) >19 GHz >21 GHz 
Power consumption <0.25 W/channel < 03 W/channel 

Small—signal mid-band gain >43 dB >52 dB 
Input/output match 50-ohm 50-ohm 

Supply voltage -5V -5V 
Differential output voltage >300mV >500mV 

Max. differential input 
voltage (for linearity) 

<4mV <4mV 

2.3 Circuit Measurement Results 

The post-fabricated 300K measurement results of this SiGe 7HP amplifier are 
summarized in the following paper [10]. Die have been delivered to Hypres for 
measurements at cryogenic temperatures. 

Fig. 4: Eye diagram of the amplifier operating at 10 Gb/s (our measurement limit). 
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Table 2: Measured 300K performance of the SiGe amplifier. 

SUMMARY OF THE SIGE LIMITING AMPLIFIER CHARACTERISTICS 

S21 Bandwidth (3dB) > 24 GHz 
Differential Gain (S21) > 42 dB 
S11, S22 0-30 GHz < -10 dB 
Differential Output Voltage -370 mVpp  at 50 n Load 
Simulated Sensitivity < 12 mVPP  at BER = 10 -9  
Power supply -5 V 
Power consumption 
(including output buffer) 

-550 mW 

Die Area 0.945 x 0.720 mm2  

2.4 8HP Version #1 

As a follow-on demonstration, IBM SiGe 8HP (@00GHz HBTs) was used to 
design a 40G limiting amplifier with >30dB gain, with and without automatic offset 
correction, and featuring alternate output buffer schemes (Cherry-Hooper and simple diff 
pair) with a < 900uVrms input referred noise. That circuit is still in fabrication. 

Fig. 5: 8HP layout of the 40 Gb/sec amplifier. 
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3 Transistor Characterization at Cryogenic Temperatures 

Full ac/dc device characterization of 7HPand 8HP SiGe HBTs have been completed 
during this project. SiGe HBT with device geometry of 0.2 x 2.56 im 2  was chosen as the 
representative device of this technology generation. Various dc measurements were made 
across the temperature range of 300K to 82K on this device. Fig. 4 shows the Gummel 
characteristics of this device from this technology at 300K and 82K with collector-base 
voltage (VCB) set to OV. The gradient of the collector current (or transconductance) 
increases with cooling, making the device attractive for high gain analog applications at 
low temperatures. 

Fig. 4: 7HP SiGe HBT Gummel characteristics at 300K and 82K. 

The current gain ((3) increased monotonically with cooling. The peak beta at 82K 
was more than 1900 (Fig. 5). The peak cut off frequency (fT) at 85K was in excess of 120 
GHz (Fig. 6). 
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Fig. 5: 7HP current gain as a function of collector current density. 

Fig. 6: 7HP unity gain cut-off frequency as a function of collector current. 
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