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Zero-loss filtered diffraction pattern of a BiClO superstructure. The pseudo 
color map of the zero-order reflex and the intensity profiles demonstrate 
the high dynamic range of TVIPS CMOS cameras.  
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ABOUT US

FIRST COMMERCIAL
2k SLOW-SCAN
CCD CAMERA

4k SLOW-SCAN
CCD CAMERA

TEMCAM-F816
WORLD’S FIRST 8k CMOS 
CAMERA

FOUNDED BY 
HANS R. TIETZ 
IN GAUTING (MUNICH, DE)

FIRST COMMERCIAL
1k SLOW-SCAN
CCD CAMERA

MOTORIZED BEAMSTOP
DIFFRACTION TOMOGRAPHY

TEMCAM-XF416
ADVANCED 4k CMOS CAMERA

TEMCAM-XF416R
(RETRACTABLE)

TEMCAM-F416
4k CMOS CAMERA

TEMCAM-F216
2k CMOS CAMERA

RELEASE OF UNIVERSAL 
SCAN GENERATOR (USG)

EMPLIFIED
NEW IMAGE ACQUISITION & 
PROCESSING SOFTWARE
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BiClO diffraction pattern

Kidney cross section

Metal-organic framework

Metal and Imidazole ringsAl diffraction pattern

Au nanoparticle
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TEMCAM-XF416 (ES)

XF416 XF416 ES
Sensor size in pixel 4096 × 4096 4096 × 4096
Pixel size (µm2) 15.5 × 15.5 15.5 × 15.5
Field of view (mm2) 63.5 × 63.5 63.5 × 63.5
Readout rate @ digitalization 32 × 16 megapixel/s @ 16 bit 32 × 32 megapixel/s @ 16 bit
Frame rate @ full resolution
Frame rate @ reduced resolution

24 fps
(190 fps @ 512 × 4k)

48 fps
(380 fps @ 512 × 4k)

Signal-to-noise ratio of a single 200kv electron* 29:1 29:1
Resolution* @ 200kv (NTF @ Nyquist) ≈ 20% ≈ 20%
Mounting position On-axis or retractable On-axis or retractable

Since the electron-sensitive surface is directly exposed
to the vacuum, the XF416 maintains single electron
sensitivity for high and low acceleration voltages. The 
robust scintillator withstands a zero order beam with-
out any damage and can be easily exchanged in the 
case of wearout.

A switchable additional capacitor increases the physical 
full well capacity for each pixel by a factor of three. Be-
yond that, the dynamic range can be virtually extended 
by frame averaging of multiple 16-bit exposures.

The TemCam-XF416 is TVIPS’ newest development featuring an entirely new sensor design. While maintaining the 
single electron sensitivity of its predecessors, it achieves a ten-times higher acquisition rate and implements an 
adjustable full well capacity for ultra low noise and a high dynamic range. The signal-to-noise ratio is maximized 
with best-in-class on-chip correlated double sampling technology. With the generous field of view of
63.5 × 63.5 mm² structured in 4k × 4k pixels, the XF416 camera family is the ideal solution for various applications.

The XF416 enables advanced in-situ experiments by a 
high frame rate, real-time drift correction and a high 
sensitivity. Record only the interesting data with post-
event triggering or take all the frames – the maximum 
length is only restricted by the available storage. Meta-
data can be saved along with each recorded frame and 
analyzed with a powerful post-processing software.

The camera integration time can be freely chosen in be-
tween minimum and 216 ms for minimized readout noise 
in the integrated frame. Active and passive hardware 
synchronization enables advanced experiments such as 
STEM-EELS, NBD strain mapping, dark field orientation 
mapping, etc.

In-Situ

Extended Dynamics

All Accelaration Voltages

Synchronized Operation

* Depending on scintillator. Data in this brochure are typical and not binding.
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TEMCAM XF416 VARIANTS

The TemCam-XF416 can come with different housing options. Available with a UHV-fitted flange, the XF416 is
perfectly suited for UHV systems such as a PEEM. The retractable version TemCam-XF416R enables the operation in 
front of a post-column energy filter or along with other detectors.

The mechanical design of the XF416 shields all electronic 
components from the vacuum, making it straightforward 
to install and use the XF416 in a UHV instrument.

Single electron events

Mayenite (with precession)

UHV

Retractable
The TemCam-XF416R is mechanically compatible with most 
camera housing blocks from other manufacturers and can 
be installed as a drop-in replacement. A dedicated camera 
block is available for all microscope and post-column
energy filter system combinations.

Mesoporous silica
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TEMCAM-F216

F216
Sensor size in pixel 2048 × 2048
Pixel size (µm2) 15.5 × 15.5
Field of view (mm2) 31.9 × 31.9
Readout rate @ digitalization 2 × 10 megapixel/s @ 16 bit
Frame rate @ full resolution
Frame rate @ reduced resolution

4.5 fps
(8.5 fps @ 2k × 1k)

Signal-to-noise ratio of a single 200kv electron* 12:1
Resolution* @ 200kv (NTF @ Nyquist) ≈ 15%
Mounting position On-axis

   The high signal-to-noise ratio allows clear detection of single-electron events. As all TVIPS cameras, the F216 is 
equipped with a robust fiber-optically coupled scintillator. Upon request, its thickness can be adapted to the appli-
cation‘s needs to optimize either resolution or sensitivity.

The TemCam-F216 is TVIPS’ smallest and most cost-efficient camera, with 4 megapixels in a 2k × 2k configuration.  
Its UHV version opens new possibilites in LEEM/PEEM setups.

All our camera systems (XF416, 
XF416R and F216) are compatible with 
TEMs from all major manufactors, 
i.e., JEOL, Hitachi, ThermoFisher/FEI/
Philips and Zeiss.

All our camera systems are sup-
ported by third party software, e.g., 
SerialEM and Leginon.

Carbon nanotube

Low-energy electron microscopy

* Depending on scintillator. Data in this brochure are typical and not binding.
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UNIVERSAL SCAN GENERATOR
The universal scan generator (USG) is a powerful tool to gain complete control of the electron beam. Simultaneous 
access of deflectors and camera enables a quick succession of data acquisition, paving the way for STEM, EELS 
datacubes and sophisticated diffraction applications like MicroED. Additionally, the USG can be used to perform 
precession diffraction and 4D-STEM mapping for enabling high-resolution structure determination of complex 
material systems. 

camera control

USG

TEM remote control

direct control of 

deflection coils

image acquisition and 

synchronization

Precession diffractionSTEM tomography

STEM-EELSSTEM imaging

Orientation mapping

Diffraction tomography

Beamstop & USG
MicroED Series
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MOTORIZED BEAMSTOP
TVIPS’ newly developed motorized beamstop takes acquisition of diffraction images to the next level with signifi-
cantly fewer obstructions and integrated measurement of the beam current.

A closed-loop controller ensures a fast (< 1 s) and accu-
rate positioning of the beamstop.
Since it is located only a few millimeters above the 
scintillator and thanks to its delicate support, the ob-
structions in the diffraction patterns are kept minimal.

Size comparison between TVIPS 
(left) and standard (right) beamstop

The integrated Faraday cup enables online measure-
ment of the intensity of the zero-order beam right with 
the exposure, with the result stored to the image‘s 
metadata. This enables quantitative measurements of 
diffraction spot intensities across several images, e.g., 
to compensate for the varying intensity in diffraction 
tomography experiments.
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EMPLIFIED
The newly developed image acquisition and processing software EMplified was inspired by ideas from experienced 
TEM users from various fields. Its modular structure adapts to every TEM situation. Advanced image processing al-
gorithms get the most out of your camera and TEM. EMplified makes MicroED, single particle acquisition and many 
more techniques a user-friendly experience for operators of every background without suffering a loss in flexibility.

Record a diffraction tomography at con-
tinuous stage rotation in just a few steps. 
The eucentric height can be automatically 
adjusted.

MicroEDOne application, many possibilities: EMplified unifies all 
functionalities in one intuitively accessible user inter-
face with a modern look. It aims to maximize the TEM 
operator’s time with actual research and measurements 
by organizing the data in a meaningful way, as well as 
logging and restoring TEM settings.
Ask for a demonstration of EMplified or check out our 
demo video: 

TVIPS’ real-time drift correction enables high-
contrast imaging even at low-dose conditions and 
with high frame rates. The rolling average mode 
integrates and aligns an arbitrary number of 
frames without reducing the frame rate.

Drift Corrected Live Mode
Never lose track of the measurement posi-
tions again. EMplified offers the possibility to 
connect images and other data to overviews 
at lower magnifications and save this infor-
mation for later use.

Spatial Context Preservation

EMplified 
tiling demo
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EMplified offers a full TEM remote control, 
that is as convenient to use as on-site 
operation. There is no need for adjusting 
the TEM over and over again: EMplified 
automatically retrieves all settings (TEM, 
stage, camera) from a previously
recorded image.

Increase reproducibility in your data by 
using EMplified’s TEM presets, which 
enable acquiring images in just one click 
with always the same TEM and camera 
parameters.

Next-Level TEM Control
Easy-to-use, yet still powerful. An automat-
ed localization of grid holes enables a high 
throughput without further user interaction. 
Regions with low quality ice are automati-
cally discarded.  

Low-Dose & Single Particle

TEM is a wide field with various specialized techniques, utilized by scientists as well as engineers 
and technicians. From standardized measurements to sophisticated new TEM applications, the user 
interface can be adapted for all needs to support users at their individual tasks.

Adaptable User Interface 
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EM-MENU
The established image acquisition and processing software EM-Menu manages the raw data from the camera and 
provides a higher-level interface for more specialized software products. It presents a highly configurable
interface to each camera’s individual feature set.

• Unique highly linear flatfielding algorithm for flat detector response
• Clutter-free presentation of still and live images in configurable viewports
• Flexible mapping of HDR image data to monitor’s color depth
• Neatly organized access to all images recorded within the microscopy session
• Image data saving in 8 or 16-bit tiff format, annotated with rich information about microscope state and camera 

configuration at the time of exposure
• Powerful calibration and measurement tools in image, Fourier and diffraction domain
• Dedicated shutterbox hardware for precise beamblanker and shutter control, enabling preexposure acquisition
• Series acquisition (time delay/dose, beam/stage tilt, defocus)
• Sophisticated series-alignment features
• Burst mode for fastest camera read-out
• Automatic tiling and image alignment
• Autofocus, navigator and center detail functions
• Real-time drift correction
• Extensible scripting interface via COM and VBScript

Key features:

STEM tomogram
of amyloid fibers

Scientific Reports
doi: 10.1038/SREP43577
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EM-TOOLS
Discover the field of low-dose EM with TVIPS’ software solution for automated low-dose data collection: 
four stand-alone modules facilitate the navigation across multiple scales, TEM auto-tuning at low-dose conditions 
and enable single particle acquisition as well as recording tomographic tilt series.

EM-Align measures fully automatically the aberrations 
by recording Zemlin tableaus and aligns the beam path 
to the coma-free axis by adjusting the twofold astigma-
tism.

EM-Align
EM-Tomo acquires tomographic tilt series at low-dose 
conditions while automatically compensating for
tilt-induced specimen movement. This module can be 
used in TEM and STEM mode and comes with flexible tilt 
schemes: linear, Saxton or user-defined. Multiple series 
can be acquired from pre-defined target sites and a 
tiled acquisition increases resolution as well as the field 
of view.

EM-Tomo

EM-SPC enables the automated collection of large 
datasets required for the single particle method. The 
target positions for the collection can be either selected 
manually or automatically be defining limits for the ice 
thickness and the homogeneity. Manual interventions 
are minimized by the implemented auto-eucentricity,
drift-check and auto-focusing as well as a TEM
auto-tuning. EM-SPC works with regular and irregular 
support grids, e.g., Quantifoils and lacey carbon films.

EM-SPC

EM-Navi finds the area of interest while keeping the 
specimen’s exposure to the electron beam to a mini-
mum. A subsequent refinement of the target positions is 
performed across multiple scales. Focusing and track-
ing can be done away from the area of interest, avoiding 
excess beam exposure of the final image. 

EM-Navi
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Integrates In-Situ 
holders from:

IN-SITU
With its high sensitivity and high frame rate capability, the XF416 is the ideal choice for in-situ experiments.

The TVIPS in-situ package makes it possible to record 4k images at 48 fps and even up to 380 fps for subareas. 
Post-event triggering is enabled by a configurable ring buffer with a capacity only limited by the host computer’s 
amount of RAM. Gradual changes before noticeable material transformations are always recorded in this way.

Secondary data channels such as temperature, strain and many more can be recorded along with the image 
stream.

A movie-maker software facilitates compilation of the interesting parts of the image stream into a standard video 
file. Easily apply a drift compensation and augment your movies by overlaying frame numbers, timestamps,
scalebars and other data channels.

Heat-induced crystal 
growth of evaporat-
ed gold islands

Nickel sample 
changes structure 
with applied heating
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ADVANCED DIFFRACTION
The high sensitivity, low noise level, wide dynamic range 
as well as a good robustness make the XF416 an ideal 
choice for acquiring diffraction patterns.

TVIPS’ dedicated software for the collection of MicroED 
datasets supports both stage rotation and beam
pivoting. It offers maximum flexibility for your
diffraction experiments.

MicroED & Diffraction Tomography

The Universal Scan Generator (USG) enables a synchro-
nization of the TEM’s beam and image deflectors with 
the camera readout. In addition, the USG’s ability to pre-
cess the electron beam allows for imaging at quasi-ki-
nematical conditions with reduced dynamical effects. In 
this way, the acquisition of precession electron diffrac-
tion patterns or tomographic tilt series is possible. The 
precessed electron probe can also be scanned over an 
area for crystal orientation and phase mapping.

Precession Mapping

The USG enables the acqui-
sition of 4D-STEM data sets 
using the XF416 or other
cameras with an external 
trigger. 

STEM
detector

Sample

Deflection
coils

XF416

Universal Scan 
Generator

4D-STEM 
data set
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XF416 IN SCIENCE

Open-source EM applications
With its open interface, the TVIPS XF416 was successfully integrated in various open-source EM solutions, with 
SerialEM being one of the most prominent applications. 
Takaba et al. present a semi-automatic routine for collecting rotational diffraction patterns by a combination of 
SerialEM and ParallEM that can be used with TVIPS TemCams.
Takaba, Kiyofumi, Saori Maki-Yonekura, and Koji Yonekura. “Collecting large datasets of rotational electron diffrac-
tion with ParallEM and SerialEM.” Journal of Structural Biology 211.2 (2020): 107549.

Material Science
As the XF416 is broadly applicable for different kinds of TEM methods, it is ideally suited for investigations of
complex material systems.
In order to study the orientation relationship of G-phase precipitates in austenitic steel, Cautaerts et al. recorded 
scanning nano-beam diffraction patterns with the XF416, that was able to capture the weak diffraction spots of the 
precipitates along with the matrix pattern. The work of Büttner et al. on topological phase transitions in perpen-
dicular magnetic mulitlayer materials includes Lorentz TEM images acquired with an XF416 combined with a CEOS 
energy filter.
Cautaerts, Niels, et al. “Investigation of the orientation relationship between nano-sized G-phase precipitates and 
austenite with scanning nano-beam electron diffraction using a pixelated detector.” Scripta Materialia 201 (2021): 
113930.
Büttner, Felix, et al. “Observation of fluctuation-mediated picosecond nucleation of a topological phase.” Nature 
materials 20.1 (2021): 30-37.

Low-Energy Electron Microscopy
Using the XF416 or the smaller F216 instead of micro-channel plate detectors is the most recent
development in the field of low-energy electron microscopy.
Janoschka et al. showed that fiber-optically coupled CMOS cameras such as the F216 offer a superior image quality 
compared to micro-channel plates. At the MAXPEEM setup that integrates an F216 as photoelectron detector, Zhu et 
al. studied the deoxidation of stainless steel surfaces.

Zhu, Lin, et al. “Surface chemistry and diffusion of trace and alloying elements during in vacuum thermal deoxida-
tion of stainless steel.” Surface and Interface Analysis 54.2 (2022): 99-108.

Janoschka, D., et al. “Implementation and operation of a fiber-coupled CMOS detector in a low energy electron 
Microscope.” Ultramicroscopy 221 (2021): 113180.

MicroED & Low Dose
The high sensitivity of the XF416 combined with its large dynamic range allows for working at a low electron dose, 
as well as recording diffraction patterns for MicroED.
The structure of several transition-metal complexes such as zirconocene hydride was determined by Jones et al. 
with MicroED at a dose of around 0.01 e-/(Å2s). He at al. studied the shape of CPQ liposomes with a positional pep-
tide bound using CryoEM imaging with a total dose of 51 e-/Å2.
Jones, Christopher G., et al. “Characterization of reactive organometallic species via MicroED.” ACS central science 
5.9 (2019): 1507-1513.
He, Xuedan, et al. “Position-Scanning Peptide Libraries as Particle Immunogens for Improving CD8+ T-Cell Re-
sponses.” Advanced Science 8.24 (2021): 2103023.
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SPECIMEN Section from a thoracic ganglion from Drosophila

COURTESY OF R. Fetter, Howard Hughes Medical Institute, Janelia, Ashburn, VA

CAMERA TemCam-F416

MICROSCOPE JEM-1400, 120 kV

PIXEL SIZE 1.0 nm
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