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1 Overview 

This document outlines the operation and functionality of the SM200A/B/C and SM435B/C Signal 

Hound spectrum monitor and spectrum analyzer. This document will help you understand the 

capabilities, performance specifications, and features of your SM200 / SM435. 

The SM200/435 is a real-time, high-speed, high dynamic range, low phase noise spectrum 

analyzer and spectrum monitor, which communicates with your PC over a high speed data link. 

It has 160 MHz real-time spectrum analysis bandwidth, 40 MHz (USB models) or 160 MHz 

(10GbE models) real-time streaming I/Q bandwidth, tunes from 100 kHz to 20 GHz, and sweeps 

1 THz/s at 30 kHz RBW, internally digitizing and processing 1 billion analog samples per second. 

The SM435B has the same features as the SM200B, including the THz/s sweep speed, with the 

caveat that some spans above 24 GHz may sweep slower than 1 THz/s. 

The SM200A can stream up to 40MHz of I/Q bandwidth over USB 3.0. 

The SM200B includes 2 GB of internal DDR memory, providing up to 2 seconds of 160 MHz BW 

segmented I/Q capture read over USB 3.0. 

The SM200C and SM435C use a 10 GbE SFP+ interface, and can stream up to 160 MHz I/Q 

bandwidth. 

2 Preparation 
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2.1 Initial Inspection 

Check your package for shipping damage before opening. Your box should contain either a USB 

3.0 Vision cable (SM200/435A/B) or a SFP+ module and 3 meter fiber optic cable (SM200/435C), 

a CD-ROM, a GPS antenna, a 12V power supply, and a Signal Hound SM200/435. 

2.2 Software Installation 

See the Spike Software manual for installation instructions. You must have administrator 

privileges to install the software. During the installation of the Spike software, the USB device 

drivers will also be installed.  

2.3 Software Requirements 

Supported Operating Systems 

¶ Windows 10/11 (Recommended*)  

¶ Ubuntu Linux 18.04/20.04, 64-bit 

¶ CentOS 7 (API only) 

System Requirements 

¶ Processor ï 4th generation or newer Intel dual/quad core i-series processors*** 
o Quad core 8th generation or newer i7 / i9 recommended for SM200C (200MS/s I/Q 

streaming) 

¶ 8 GB RAM - 1 GB for the Spike software 

¶ Native USB 3.0 support (SM200A/B and SM435B)À 

¶ 10 GbE SFP+ network interface adapter (SM200C and SM435C)  

¶ OpenGL 3.0 capable graphics processor** (When using the Spike software application) 

(* We do not recommend running the SM in a virtual machine (i.e. Parallels/VMWare/etc.)) 

(** Certain display features are accelerated with this functionality.) 

(***Our software is optimized for Intel CPUs. We recommend them exclusively.) 

(À Early USB 3.0 controllers from Renesas and ASMedia do not function well with our SM200A/B.      

Native USB 3.0 hardware is used to refer to Intelôs USB 3.0 controllers found on 3rd generation or 

newer i-series processors.) 

2.4 Connecting Your Signal Hound 

2.4.1 SM200A/B ï SM435B 

With the Spike software and USB drivers installed, you are ready to connect your device. For the 

USB SM devices, plug in the male USB 3.0 into your PCôs USB 3 port, and then plug the USB 3.0 

Micro-B male connection into the SM device. Your PC may take a few seconds recognizing the 
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device and installing any last drivers. Wait for this process to complete before launching the Spike 

software. For the most reliable connection, please use the included USB cable. 

2.4.2 SM200C and SM435C 

For full setup instructions and network troubleshooting for the SM200C and SM435C, see the 

network configuration manual. 

2.4.3 ḠCaution ï SM200 / SM435 Surfaces May Be Hot 

Depending on operating conditions, ambient temperature, and air flow around the unit, the SM200 

or SM435 may be hot to the touch after prolonged use. Use caution when touching the unit.  

2.5 Front Panel 

2.5.1 The SM200A/B and SM435B Front Panel 

The front panel has 8 connectors:  

 

1. 9-16V DC power input: Use the included 12V supply, or a battery that can source 40 watts. 

2. 50Ý RF Input: Do not exceed +20 dBm or damage may occur. This will be type N for the 

SM200 and 2.4 mm for the SM435. 

3. SMA GPS antenna port: The GPS antenna (included) may be connected here to discipline 

the time base and time stamp I/Q data 

4. Trigger In: The rising or falling edge of a digital 3.3V or 5V signal may be used to trigger 

in I/Q streaming modes. 

5. 10 MHz out: Use to synchronize external equipment requiring a 10 MHz input 

6. 10 MHz in: Disciplines internal timebase to an external 10 MHz source. 0 to +15 dBm 

recommended.    

7. USB 3 connector with locking screws for Vision cable: Data connection to PC. Both power 

supply and USB must be connected for device to power on. 
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8. GPIO port (DB15): Can be used to control external equipment, such as an external 

antenna switch. Commands may be embedded within a sweep. See GPIO Port for more 

information. 

9. Status LED: Alternates red/green as commands are processed and sweeps are 

generated.  

2.5.1.1 LED States 

The possible SM200A/B LED states are OFF, RED, GREEN, and FLASHING. All combinations 

of device and LED state are described below. 

Initialization States: 

OFF ï until the power cable and USB cable are both connected. 

ORANGE/RED ï during device initialization once the power and USB cables are connected. 

GREEN ï once the device is initialized, the GREEN LED state represents the IDLE state. 

Operational States: 

ALTERNATING RED/GREEN ï when the device is actively transmitting over USB 3.0. 

GREEN ï Device is idle 

RED ï Indicates a failure, such as exceeding maximum operating temperature 

OFF ï Device has lost power 

2.5.2 SM200C and SM435C Front Panel 

The front panel has 9 connectors:  

 

1. 9-16V DC power input: Use the included 12V supply, or a battery that can source 40 watts. 

2. 50Ý type N RF Input: Do not exceed +20 dBm or damage may occur. 

3. SMA GPS antenna port: The GPS antenna (included) may be connected here to discipline 

the time base and time stamp I/Q data 



Preparation | Front Panel 

 

 9 

4. Trigger In: The rising or falling edge of a digital 3.3V or 5V signal may be used to trigger 

in I/Q streaming modes. 

5. 10 MHz out: Use to synchronize external equipment requiring a 10 MHz input 

6. 10 MHz in: Disciplines internal timebase to an external 10 MHz source. 0 to +15 dBm 

recommended.    

7. USB 2 connector: Only used for firmware upgrades. 

8. SFP+ connector: 10 GbE bi-directional data connection to the PC, using an optical SFP+ 

module and fiber optic cable. 

9. GPIO port (DB15): Can be used to control external equipment, such as an external 

antenna switch. Commands may be embedded within a sweep. See GPIO Port for more 

information. 

10. Status LED: Alternates red/green as commands are processed and sweeps are 

generated.  

2.5.2.1 LED States 

The possible SM200C LED states are OFF, RED, GREEN, and ALTERNATING. All combinations 

of device and LED state are described below. 

Initialization States: 

OFF ï until the power cable is connected. 

ORANGE/RED ï during device initialization once the power is connected. 

GREEN ï once the device is initialized, the GREEN LED state represents the IDLE state. 

Operational States: 

ALTERNATING RED/GREEN ï when the device is actively transmitting data. 

GREEN ï Device is idle 

RED ï Indicates a failure. Usually indicates no 10 GbE connection to PC. 

OFF ï Device has lost power 



Preparation | Front Panel 

 

 10 

2.5.3 GPIO Port 

On the front panel of the SM200/SM435 there is a DB15 port which provides up to 8 digital logic 

lines available for immediate read inputs, or output lines as immediate write pins, or configurable 

through the API to be able to switch during a sweep based on frequency. 

 

Front panel female DB15 port on SM200 

2.5.3.1 Pinout 

1 GPIO(0) 

 

9 GPIO(1) 

2 GPIO(2) 10 GPIO(3) 

3 Vdd in (1.8 to 3.3V) 11 3.3V out (max 30 mA) 

4 GND 12 SPI SCLK 

5 SPI MOSI 13 SPI MISO 

6 SPI Select 14 GPIO(4) 

7 GPIO(5) 15 GPIO(6) 

8 GPIO(7) Shell GND 

 

The GPIO may be configured as 8 outputs, or 4 outputs and 4 inputs, or 8 inputs. The inputs are 

automatically read at the end of each sweep, but may be read between sweeps as well. The 

outputs may be written between sweeps, or configured to generate a pattern during each sweep. 

Any voltage from 1.8V to 3.3V may be applied to pin 3, and the SM200/SM435 will use this voltage 

for the logic levels. Do not ground pin 3. If pin 3 is left unconnected, the default logic level is 1.6V. 
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The SPI bus writes at about 5 Mbps, and SPI reads are not currently implemented. The clock 

idles high, and data transitions on the falling edge of the clock. It can be used to write to most SPI 

devices where data is latched on the rising edge of the clock.  

2.5.3.2 Applications 

A typical application for this GPIO port would be to drive an antenna switch. For example, an 

SP8T switch, such as the Peregrine PE42582, has 3 control lines to select one of 8 antennas, 

and requires a single 3.3V power supply. A PCB with this switch mounted could be powered from 

pin 11. Simply connect pins 3 and 11 to select 3.3V logic. GPIO(2) through GPIO0(0) could control 

the switch. 

Using the API one could select an antenna, sweep, select a different antenna, and then sweep 

the same span again.   

A more advanced use of this bus would be to actively control and monitor a device under test. 

For example, a user could test a VCO/PLL by sending a SPI command to the PLL, and routing 

the SPI select to the trigger in. This would enable the user to make measurements referenced 

from the rising edge of the SPI select line, to measure PLL settling time, etc.  

2.6 Measurement Descriptions 

This section details the core measurement and acquisition types for the SM200/SM435 spectrum 

analyzer.  

2.6.1 Swept Analysis 

This mode of operation is the mode which is commonly associated with spectrum analyzers. 

Through the software you will configure the device and request the device perform a single sweep 

across your desired span. The SM200/SM435 uses fixed local oscillator (LO) frequencies to 

acquire each 40 MHz patch of spectrum. If the start and stop frequency do not map to the same 

LO step, multiple 40MHz patches are acquired and concatenated to form the sweep. 

The processing performed on each 40MHz patch is determined by the settings provided. A 

maximum RBW of 3 MHz and a minimum RBW of 0.1 Hz is available in this mode, but low RBWs 

will be further limited by span.  For non-buffered sweeps, each time a trace is returned, the device 

waits until the next trace request. For buffered sweeps, the next sweep in the queue begins 

immediately. Users can choose to continuously retrieve traces or manually request them one at 

a time with the Single and Continuous buttons found on the Sweep Toolbar. 
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2.6.1.1 RBW/VBW limitations 

Low RBW/VBW values increase the working memory footprint of an SM200/SM435 application 

by increasing the FFT size and increasing buffer sizes for VBW averaging. For 32-bit applications 

and Spike, this may limit the RBW/VBW in certain configurations. 

When utilizing narrow spans (<5MHz) and low RBWs (<3Hz), a significant amount of processing 

must be done in real-time for the measurement to be valid. Please see our recommended 

processors if you are having issues with these types of sweeps. 

2.6.2 Real-Time Spectrum Analysis 

One of the issues with the standard sweep mode is the ñblind timeò between each trace. Blind 

time refers to the time between spectrum sampling. During this time, we are processing the last 

capture, or viewing the data. During this time, it is possible to miss an event. The picture below 

shows a missed event in green. 

 

In this image, we see an event missed due to the blind time between spectrum sampling. With 

Real-Time spectrum analysis we can prevent this and capture ALL events. 

For resolution bandwidths (RBW) of 30 kHz or greater, spans of 160 MHz or less, and start 

frequencies of 650 MHz or greater, the SM200/SM435 can perform real-time spectrum analysis 

using overlapping FFTs on its Arria 10 FPGA. The FPGA performs overlapping FFTs at an 
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overlapping rate of 50%, covering each point of data with 2 FFTs. We take the resulting FFTs and 

min/max or average them into a final returned trace, as well as building a persistence image 

representing the frequency, amplitude (log scale) points of all FFTs. The number of FFT results 

merged depends on Real-Time Accumulation and the RBW. Since most of the number crunching 

happens on the FPGA, a dual core i5 processor would typically be sufficient for this mode. 

For spans of 40 MHz or less, the SM200/SM435 is capable of streaming 40 MHz of bandwidth 

with no time gaps. The PC performs overlapping FFTs at an overlapping rate of 50%, covering 

each point of data with 2 FFTs. Since the PC can process larger FFTs than the FPGA, more 

RBWs and additional processing options are available in this mode, such as linear scale 

persistence plots. Please note that this processing, for spans of 20-40 MHz and low RBWs, 

typically requires a fast quad core i7 desktop processor. For slower processors, span may need 

to be reduced or RBW increased for the processor to keep up. 

The minimum signal duration to guarantee the same amplitude as a CW signal (i.e. 100% 

probability of intercept, or POI) in real-time analysis mode is a function of the resolution bandwidth 

selected, and is equal to 1.5 times the FFT interval. The FFT interval is approximately 2 / RBW, 

so for a 631 kHz RBW, this works out to about 4 microseconds. Lower RBWs will require 

proportionally longer signal duration. However, signals of even ¼ this duration will be displayed 

only 2-3 dB down. 

See the Spike Software manual for further information on Real-time mode. 

2.6.2.1 Fast Swept Analysis 

When spans wider than 160 MHz must be continuously monitored, the SM200/SM435 can rapidly 

sweep the selected span by analyzing 160 MHz patches of spectrum using FFTs on the FPGA. 

This mode is capable of 1 THz/s, and can provide 100% POI for a 2 GHz span of about 2 ms. 

This mode is used in real-time analysis when span is greater than 160 MHz. In this mode, FFTs 

occur on the FPGA of the device. This mode has a maximum RBW of 10 MHz and a minimum 

RBW of 30 kHz. VBW must equal RBW. For more information on typical sweep speed 

performance see Sweep Speed (Fast). 

2.6.3 Zero-Span Analysis and I/Q Streaming  

Zero span analysis allows you to view and analyze signals in the time domain using I/Q data 

aquisitions from the device. The Spike application can display amplitude, frequency, and phase 

vs. time, and display the results through multiple plots. The SM200A can be configured for up to 

50 MS/s, the SM200B/SM435B has an additional 250 MS/s option for captures, and the SM200C 

and SM435C have additional sample rates of 100 and 200 MS/s available. See the Spike Software 

manual for further information on using Zero Span analysis. 
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2.6.3.1 Triggering in Zero Span 

You can specify an immediate, video, external, or frequency mask trigger (FMT) in zero-span 

mode. 

Immediate triggering causes the measurement to occur immediately and can be thought of a óno-

triggerô. 

Video triggering allow you to begin the measurement only after a signal exceeds a specific 

amplitude on the RF input. This is useful when you need to analyze a periodic transmission. 

External triggering triggers a measurement after a hardware trigger occurs on the trigger SMA 

port. If your transmitter has a trigger output, you can route this to the trigger in SMA. You can 

trigger on the rising edge or falling edge of a signal. A 3.3V CMOS trigger with 50 ohm output 

impedance is ideal, but 5V logic with 50 ohm output impedance is acceptable. Higher or lower 

output impedance may work with a short BNC cable, but longer cables may cause issues with 

reflection. 

FMT triggering triggers a measurement after a spectrum amplitude exceeds a customer defined 

spectrum mask. Spectrums are calculated by performing 50% overlapping FFTs on the time 

domain data. 

2.6.4 I/Q Sweep List 

I/Q sweep lists allow customers to sweep a list of frequencies and collect a custom number of I/Q 

samples at each frequency. In this measurement, the SM device can sweep frequencies up to its 

maximum sweep rate of 120us per frequency (~8333 frequencies per second). Data is sampled 

at the deviceôs native sample rate, 50MS/s for the USB SM devices, and 200MS/s for the 

networked SM devices. 

Triggering is not available for this measurement. I/Q timestamping is performed at each 

frequency. 

This functionality is only available through the API. See the API manual for more information. 

2.6.5 Segmented I/Q Capture (SM200B/SM435B only) 

The SM200B and SM435B includes 2 GB of DDR memory for capturing I/Q data at the full 250 

MS/s sample rate (160 MHz bandwidth). This memory may be used as a single, contiguous, two 

second capture, or as multiple smaller (segmented) captures. Trigger modes for these captures 

include video, external, and frequency mask triggers (FMT). A user-specified pre-trigger capture 

length enables the capture of I/Q data both before and after the trigger event. After the I/Q data 

is captured, it is transferred to the PC at approximately 200 MB/s. This new function is available 
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through the application programming interface (API). See the API manual for more information. 

The Spike software also includes this new 250 MSPS sample rate for short captures in Zero Span 

mode. 

Please note that the video trigger in this mode is happening in the FPGA on partially filtered data. 

An additional FIR filter on the PC will attenuate out-of-band signals and noise that may have 

contributed to the video trigger event. 

2.6.6 Internal GPS and Time Stamping 

The internal GPS, when the antenna is connected and GPS signal is present, synchronizes the 

OCXO to typically within a part per billion after about 10 minutes. The pulse-per-second (PPS) 

signal also generates an automatic internal trigger that is used to time stamp I/Q data in all I/Q 

acquisition modes. 

3 Understanding the SM-series Hardware 

3.1 Highlights 

All SM series analyzers use an ultra-low phase noise 100 MHz OCXO, which is multiplied and 

filtered to generate a clean 1 GHz reference.  The Local oscillator (LO) uses this 1 GHz reference 

in a translation loop architecture, providing very low close-in phase noise with considerably lower 

spurious than a DDS. 

The SM series has been designed to have high IP3 and low DANL at all input levels, giving users 

the ability to monitor the spectrum at full sensitivity without worrying about overdriving the front 

end or generating excessive intermodulation products. 

The hardware completely reconfigures the LO, RF, and FIR correction filters in under 20 

microseconds, with a minimum frequency step time of 120 microseconds. The remaining 100 

microseconds, when used to collect and process a 160 MHz patch of spectrum, provide a 2 GHz 

sweep in under 2 ms, or over 1 THz/sec.  

Continuous THz/s sweep rates enable the analyzer to monitor spans larger than 160 MHz, 

hundreds or thousands of times per second. For example, using a 30 kHz RBW, a user can sweep 

700 MHz to 2700 MHz, 500 times per second.     
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3.2 Front End Architecture 

3.2.1 SM200A/B/C 

 

The SM200 is a low IF receiver. We chose this architecture to complement our low phase noise 

local oscillator (LO), while avoiding the shortfalls of zero IF (direct) conversion, and because of 

the availability of high linearity direct conversion demodulators and I/Q mixers.  

The SM200 contains four mixer bands covering 120 MHz to 20 GHz, and one direct conversion 

band covering 100 kHz to 160 MHz A preselector, consisting of 21 sub-octave band pass filters, 

covers 20 MHz to 20 GHz. Below 650 MHz, the preselector may be bypassed to increase sweep 

speed and improve phase response (shown as high pass and low pass filters rather than band 

pass filters), and guarantee 40 MHz of useable bandwidth. With the preselector enabled, as little 

as 6 MHz of I/Q data may be available, especially below 100 MHz center frequency.  

Four separate mixers, optimized for IP3 and image rejection within their operating range, convert 

the incoming RF signal into baseband I/Q signals. In the SM200, the LO is typically injected above 

the RF by 15-180 MHz. This generates a baseband I/Q signal, which is filtered and then digitized 

at 500 MSPS, and streamed to Intelôs Arria 10 FPGA.  

 



Understanding the SM-series Hardware | Front End Architecture 

 

 17 

3.2.2 SM435B/C 

 

The SM435 uses the same low IF architecture as the SM200, extended to 43.5 GHz. The LO 

translation loop has been improved to reduce spurious even further, and LO and RF filtering have 

been added to improve spurs from LO sub-harmonics. 

The SM435 contains five mixer bands covering 120 MHz to 43.5 GHz, and one direct conversion 

band covering 100 kHz to 160 MHz A preselector, consisting of 23 sub-octave band pass filters, 

covers 20 MHz to 43.5 GHz. Sub-harmonic responses from 8-24 GHz are reduced using sub-

octave filters for both LO and RF. From 24-43.5 GHz, sub-harmonic responses are reduced with 

a bank of 7 RF filters. 

The millimeter-wave downconverter in the SM435 has both IF and I/Q outputs. In the standard 

unit, for frequencies below 41 GHz the I/Q output is digitized, and for frequencies above 41 GHz, 

a 3 GHz IF output is downconverted and digitized.  

For units with the IF output option, the SM435 may be used as a low phase noise millimeter-wave 

downconverter. Instead of downconverting and digitizing the IF, it is output to the front panel. This 



Understanding the SM-series Hardware | Front End Architecture 

 

 18 

IF output is centered at 1.5 GHz, has >800 MHz 3-dB bandwidth, and may be used from 24 to 

43.5 GHz. The IF output option limits the maximum RF frequency it can digitize and send to the 

PC to about 41 GHz. 

3.2.3 Preselector 

The preselector is a collection of sub-octave filters spanning 20 MHz to 20 GHz / 43.5 GHz. It 

removes out-of-band energy from the RF input before any amplification or mixing occurs. The low 

frequency preselector filters may be bypassed to increase sweep speed and increase available 

bandwidth at low frequencies, at the expense of IP2. 

In sweep mode, the insertion loss of the optional preselector filters is compensated for by the API, 

but when I/Q streaming below 645 MHz with the preselector on, only an average amplitude 

correction is applied. This will increase the typical amplitude error observed at the filter edges by 

a small amount (typically 0.5 dB). In spectrum analysis modes, this error is removed and full 

amplitude accuracy is maintained. A minimum overlap of 6 MHz ensures commonly used VHF 

signals can be streamed even with preselector on.   

When the optional preselector filters are bypassed, the full 40 MHz of I/Q streaming is available 

at all frequencies. However, below 645 MHz, the 160 MHz hardware real-time is not available. 

Below 650 MHz, all the preselectors have a shape similar to the one shown (filter 7): 
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When using optional preselector filters with I/Q streaming, or when predicting if a preselector will 

help block an interfering signal, use the following tables. 


























































