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Abstract — High speed channel (HSC) resistive sensor 

interface is an analog sampling channel designed for 

measuring the resistance variations with data rate at 5 

kHz. It measures the external resistance variation and 
digitizes the received signal using a 12-bit analog to 

digital converter (ADC). The HSC includes a 

Wheatstone bridge with programmable configurations, 
a high voltage cap stack sampler, a 6

th
 order 

Butterworth switching capacitor filter, and a continuous 

time variable gain amplifier (VGA). An 8-bit voltage 
mode calibration digital to analog converter (DAC) is 

used to calibrate the common mode voltage level. An 8-

bit current mode stimulus DAC is used to provide the 
current source to the Wheatstone bridge through a high 

voltage current mirror. With radiation hardening by 

design (RHBD), the HSC is implemented in a 0.5 µm 
SiGe BiCMOS technology for applications in aerospace 

environment under extreme temperature, radiation, 

pressure and vibration. 

Index Terms  — High speed channel (HSC), resistive 
sensor, Butterworth filter, DAC, Wheatstone bridge, 

cryogenic circuits, RHBD. 

I. INTRODUCTION 

With the development of aerospace exploration, 

considerations of extreme environments have been 

included more comprehensively into most IC designs 

related to aerospace engineering. The extreme 

environments, such as temperature, radiation, 

pressure, vibration, etc, will easily preclude the use of 

conventional terrestrial IC designs for operation, 

actuation and movement under ambient conditions. 

The high speed channel (HSC) resistive sensor 

interface was designed with radiation hardening by 

design (RHBD) and to operate in extreme aerospace 

environment. It is an analog sampling channel that 

comprises the bulk (2 of the 16 total) of the channels 

using in the remote sensor interface (RSI) ASIC, 

which is a large RHBD ASIC with 10×14 mm2 die 

size used on the NASA Lunar-Mars series of 

missions. The HSC measures and samples the 

external resistance variation and sends to digital 

processing after converting to digital signals by a 12-

bit analog to digital converter (ADC), which is not 

included in the HSC. As shown in Fig. 1, the HSC 

includes a Wheatstone bridge with programmable 

configurations, a high voltage cap-stack sampler, a 6th 

Butterworth switching capacitor (SC) filter as well as 

a continuous time variable gain amplifier (VGA) to 

provide 2×, 10×, 20× gains for the channel. An 8-bit 

voltage mode digital to analog converter (DAC) is 

used to calibrate the common mode voltage level as 

well as an 8-bit current mode DAC used to provide 

the stimulus to the Wheatstone bridge with the help of 

a high voltage current mirror. 

Used on the NASA Lunar-Mars series of missions, 

the extreme space environment gives tough 

challenges to the circuit design technologies. The 

chosen SiGe BiCMOS technology for this design 

inherently provides both novel bipolar devices (SiGe 

HBTs) and Si CMOS. Unlike conventional Si 

transistors, SiGe HBTs are very well suited for 

operation in the extreme environment [1]. The 

addition of Ge allows tailoring of the device bandgap 

that can be used to optimize device behavior as a 

function of temperature. SiGe BiCMOS offers 

unparalleled low temperature performance, wide 

temperature capability, and optimal mixed-signal 

design flexibility at the monolithic level by offering 

power efficient, high speed SiGe HBTs and high 

density Si CMOS [1][2]. 

II. CIRCUIT IMPLEMENTATION 

A. Wheatstone bridge 

The Wheatstone bridge is the input interface of the 

HSC. As shown in Fig. 1, the Wheatstone bridge 

supports a five-wire interface to the sensor. The three 

input signal wires SIG_S1,2,3 support connection to 

sensors that include some part of a Wheatstone 

bridge, where the channel itself provides the resistors 

as required to complete the bridge. The resistors are 

roughly 350 Ω in value, although that is a function of 

temperature to some extent, and there is an option of 

the bridge to create a 120 Ω leg for a quarter bridge 

implementation, which would be matched by an 

equivalent leg in the sensor. The 120 Ω resistor can be 

bypassed using the bridge programming switches to 

provide a half bridge option. The internal Wheatstone 

bridge is programmable through the use of two single 

poles, single throw (SPST) switches controlled by 

EN1 and EN2. The remaining two signals NEGST 

and POSST are outputs used to provide stimulus to 

those sensors that require it. The negative stimulus 

NEGST provides a connection to the RSI ASIC 
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analog ground, resulting in tracking of the sensor with 

the RSI electronics.  The positive stimulus signal 

POSST is created through the use of a high voltage 

current mirror embedded in HSC. A 12V external 

power supply is used to provide enough headroom for 

the current mirror as well as the large linear 

measurement range for the external resistive sensor. 

The switches that control the programmable sensor, 

as well as a programmable gain amplifier later in the 

chain, are set through the use of digital shift registers. 

Because the setting for each sensor channel is 

designed to be static for each mission, performance is 

not a high criterion. Shift registers are also employed 

to program the value for the stimulus and for 

calibration during testing and set up. In each case, the 

stimulus DAC data value is loaded ahead of that for 

the calibration DAC. 

B. High voltage cap stack sampler 

A high voltage cap stack sampling capacitor circuit 

follows the Wheatstone bridge to sample the 

Wheatstone bridge output as well as the level shifting. 

A simplified schematic for the high voltage cap stack 

sampler is shown in Fig. 2. During φ1 (corresponding 

to CLKZ), the voltage difference between VHV- and 

VREF is sampled across the capacitor stack. The stack 

is required due to the voltage limitations of the 

available on-chip capacitors.   

During φ2 (corresponding to CLKR), the bottom 

terminal of the capacitor is left open and the top 

terminal of the capacitor is set to VHV+, causing the 

differential input voltage to appear at the output. High 

voltage N-well PMOS switches are used in switches 

S1 and S2 since these two switches “see” high voltage 

signals from the Wheatstone bridge. S3 is a low 

voltage switch and only “sees” low voltage signal. 

The reference voltage VREF is provided by the 

calibration DAC, which is used to calibrate the 

common mode voltage of the cap stack sampler as 

well as the Butterworth filter. 

C.Butterworth filter 

Using inverting and noninverting switching 

capacitor (SC) integrators, a 6th order Butterworth SC 

low pass filter (LPF) was designed as shown in Fig.3. 

With proper architectures and suitable topologies 

utilized in the design, the SC filter meets all the HSC 

requirements: (1) The clock to cutoff frequency ratio 

was design at 100:1 with cutoff frequency tunable 

through the clock frequency. (2) To save power, the 

power-killing block, op-amp, was designed as simple 

as possible and minimum amount of op-amps were 

used. Each op-amp only draws 50 μA current, and the 

total SC filter only consumes 640 μA current at 200 

kHz-clock frequencies. (3) Each block in the SC filter 

was designed with temperature compensation, which 

make the SC filter can work over the ultra wide 

temperature (UWT) range. (4) “Dummy” devices 

were added at sampling capacitor to reduce the clock 

feed through, and also a post active filter with two 

fixed high frequency poles was placed after the SC 

filter core to remove the clock feed through (not 

shown in Fig. 3). (5) Special RHBD layout rules were 

applied in this design to improve the robustness in the 

radiation environment [3]. 

As shown in Fig. 3 the 6th order Butterworth SC 

filter is realized by cascading three biquads, each of 

them is a second order filters. While implementing the 

circuit, the switches are replaced by NMOS switches. 

Some of them perform the same function and can be 

shared to get a simpler circuitry. Considering the 

parasitic influence, 500 fF capacitor was chosen as 

minimum switch capacitor. 

D. Voltage and current DACs 

Two DACs are used in the HSC. The voltage DAC 

is used to calibrate the common voltage of the HSC. 

The current DAC is used to provide the current source 

of the Wheatstone bridge along with the high voltage 

current mirror as shown in Fig. 1. Both voltage and 

current DAC share same DAC core. By considering 

the low power requirement and extreme application 

environment, an R-2R resistor ladder structure is 

selected for this design. This structure is more robust 

than other DAC structures for its simplicity and using 

less active component. It also consumes less current 

than the current-steering DAC structure for using only 

one current source and its capability to achieve 

smaller current for the LSB branch. If using only 

binary code for all 8 bits, the switching of MSB will 

introduce large glitch on the output signal in the 

transition time. On the other hand using thermometer 

code can reduce the output glitch and also relax the 

matching but occupies more area. Considering the 

tradeoff, the DAC is segmented as 5 LSBs with R-2R 

binary codes and 3 most significant-bits (MSBs) with 

thermometer codes, as shown in Fig. 4. 

To achieve the low power design requirement, only 

400 μA total is designed to be supplied to the R-2R 

resistor ladder so that the divided current drawn on 

the LSB branch is less than 2 μA. On the other side, 

the value of the resistors used in the R-2R resistor 

ladder is limited for small area requirement. 

Therefore, the matching is a big challenge for this 

design. To improve the matching and linearity, all the 

resisters and most transistors used in the ladder are 

integer multiple of a base size one, and then the base 

size resistors and transistors are divided again into 

four parts to allow a quadrature layout style. This 

technique compensates the effects of gradients or 

other systematic mismatches [4][5]. The measurement 

results show the good linearity results achieved by 

these design considerations. The digital logic part of 

the DAC includes a thermometer decoder, which 

converts 3 binary MSBs to 7 thermometer code and 

clocked input buffers for the input bits of the DAC. 



For the current DAC, a series of current mirrors are 

used to adjust the current output from 0 µA to 32 µA. 

Following the current DAC, a high voltage current 

mirror is used to mirror the current to 0~32 mA to 

provide the stimulus to the Wheatstone bridge. Op-

amp and resistors were used to convert the DAC core 

current to 1 V voltage swing centered at the 1.65 V, 

which is the mid-point of the power supply voltage. 

The Voltage DAC reuses the op-amp used in the 

Butterworth filter integrators to reduce the design 

effort. 

III. MEASUREMENT RESULTS 

The proposed HSC has been implemented in a 0.5 

µm SiGe BiCMOS technology. The micrograph photo 

of the HSC chip is shown in Fig.9. The total area of 

the HSC occupies 2.2 mm × 1.6 mm.  

Measured results show that the filter achieves a 

stable 6th order Butterworth low pass response, which 

keeps the same at -180°C, -90°C, room temperature 

and 120°C, as shown in Fig.6. As mentioned above, 

the ratio of cut-off frequency to clock frequency is 

1:100. A measured example was shown in Fig.6, the 

cut-off frequency is 2 kHz, which is one hundredth of 

the control clock frequency 200 kHz. 

The measured DAC’s DNL/INL is ±0.2/0.3 at room 

temperature which is a good result for a low-power 

DAC without any calibration method compared with 

others work. The DAC is tested in UWT environment 

with temperature from -180˚C to 120˚C. Fig. 7 shows 

the measured DNL/INL performance over the UWT 

range. The worst corner is at the temperature of -

180˚C, the DNL/INL gets to ±0.6/0.85 LSB. 

However, it still meets the design spec for ±1 LSB. 

And at the high temperature end with 120˚C, the 

DNL/INL gets to ±0.2/0.53 LSB, which is slightly 

degraded from the room temperature performance. 

The INL curve shows the best performance at room 

temperature as designed for the matching of the 

design being tuned best at 27˚C. 

Figs. 8(a) and (b) show the measurement results of 

the HSC. The test bench is setup to measure the 

resistance of a potential meter with (a) 350 Ω and (b) 

120 Ω quarter bridge HSC configurations. The output 

of the HSC is from 0 V to 1.2 V and converted by a 

12-bit ADC to digital signal, then processed in the 

DSP chips. With the relationship between the 

converted digital numbers and the input resistance, 

the HSC can be used in any systems requiring 

resistance measurement. 

IV. CONCLUSION 

The HSC resistive sensor interface is an analog 

sampling channel designed for inputs from sensors of 

various types in 0.5 μm SiGe BiCMOS technology. It 

occupies 2.2 mm × 1.6 mm and can be used to 

measure the resistance variations with frequency as 

high as 5 kHz. With radiation hardening by design 

(RHBD), the HSC is designed to work in the 

aerospace environment with high radiation, high 

vibration, extreme pressure as well as UWT range 

from -180˚C to 120˚C. 
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Fig. 1. Block diagram of the high speed channel. 
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Fig. 1. Block diagram of the high speed channel.  Fig. 2. HV capacitor stack switch. 



 
Fig. 3. Proposed 6th order Butterworth switched-capacitor low pass filter circuit. 

 

 

 

 
 

Fig. 4. 8-bit DAC core with segmented architecture. Fig. 5. Die photo of the high speed channel 
mixed signal IC. 

   

Fig. 6. Frequency response of the 6th order Butterworth 
filter with -180˚C~120˚C (measured at -180˚C, -90˚C, room 
temperature and 120˚C). 

 Fig. 7. Measure DAC DNL and INL from -180˚C 
to120˚C. 

 
(a) 

 

 
(b) 

Fig. 8. Measurement results of the HSC with (a) 350 Ω and (b) 120 Ω quarter bridge configurations. 
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