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Welcome to electron microscopy at SEMC

. Welcome new students
2. Course logistics

3. Poll / Zoom Picture
4. Hybrid classroom
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Course logistics: main website

semc.nysbc.org/the-winter-spring-2022-em-course/

HOME

EVENTS
Upcoming Events
News and Past Evants

Forums

Workshops and Courses

q SIMONS ELECTRON MICROSCOPY CENTER @

USER RESOURCES PUBLICATIONS INSTRUMENTATION NEWS & EVENTS FAQ Q

Course Schedule

Classas in SEMC seminar room (Mendays 3:3C-5pm and select Wednesdays 3:30-5pm)

EM fundamentals section

1/10/22 Lecture - Introduction & Basic anatomy of the electron microscope [SEMC staff)
1/12/22 Practical - TEM use (SEMC staff)

1/17/22 MLK Jr holiday - No class

1/19/22 Practical - Sample Preparation & Support films (SEMC staff)

1/24/22 Lecture - New cryoEM hardwere ard supporting a facility (SEMC staff)

1/26/22 Practical - Journzl club

EM crystallography section

1/31/22 Lecture - MicrcED (Bill Rice - NYU)

2/2/22 Practical - Journal club

2/7/22 Lecture - Helical reconstruction (Hernando Sosa - Einstein)
2/9/22 Practical - Journal club

Tomography section

2/14/22 Lecture - Tomography (Wei Dzai — Rutgers)

2/16/22 Practical - Tomography workshop - Appion/Protomo (Alex Noble — NYSBC/SEMC)
2/21/)22 President’s day holiday - No class

2/23/22 Practical - Journal club

2/28/22 Lecture - FIB-SEM (Bill Rice - NYU & SEMC starff)

Classas in the NYSBC cemirar room (momings)

Single-particle section®
3/14/22 : Short course Keynote - Intro to Single Particle

Course
Administrator:
£d Eng (eeng@nysbc.org)

Teaching Assistants:

Mahira Aragon,
tugene Chua,
Christina Zimany


http://semc.nysbc.org/course.html
mailto:eeng@nysbc.org?subject=

Course logistics: hybrid vs tlipped class

flipped
classroom

IN CLASS

engage
PRACTICALS

Extend

OUT OF CLASS
Prepare

hybrid
classroom




Course logistics: resources

youtube.com/nrammsemc

NRAMM SEMC NCCAT SUBSCRIBED N

803 subscribers
Lt - Gutteng Braned w Srye-EM
The Jensan Lab
-ﬂlmmoqmuum

HOME VIDEOS PLAYLISTS COMMUNITY CHANNELS

Created playlists — SORT BY

crvoemi101.or
H .
I_"/ = ré%m B oo o

SEMC Training Videos SEMC 2021 Cryo EM Course NCCAT SPA Short course 2020 CryoEM Facility Workshop - 2017 Control Room Grant Jensen Cryo-EM Lectures ,
Cryo EM Hasemerged asa ,)J/J-'rJJJ ,JJJ for: uu;,
Strcturesderenmination. .

VIEW FULL PLAYLIST VIEW FULL PLAYLIST VIEW FULL PLAYLIST VIEW FULL PLAYLIST VIEW FULL PLAYLIST VIEW FULL PLAYLIST
gETforts of Hewcomers to the field, we are creating a mediasrich
oW hanc 'training. The tralmng material will contain Vide

ufations th. %‘cover!he major components of the cryo-£EM work

Chapter 2 Chapter 3 Chapter 4 Chapter 5
Sample Cryo-EM Grid | Grid Screening | Cryo-EM Data Image
yrification sw sparation & Evaluation Collection Processing

Data Processing

VIEW FULL PLAYLIST VIEW FULL PLAYLIST

Now avallable = Chaptgr 2} CovosENM g8 n
o |



http://cryo-em-course.caltech.edu/videos
https://cryoem101.org

Course logistics: engagement & reinforcement

semc.nysbc.org/the-winter-spring-2022-em-course/

Class L‘; ﬁ

Introduction to the material Christina

Submit questions to us by R@ ‘

~riday the week before. Mahira Eugene

Roundtable



http://semc.nysbc.org/course.html

Course logistics: main topics

Section | : EM fundamentals
Section 2 : EM crystallography

Section 3 : Tomography

Section 4 : Single-particle short course™
March [4-18, 2022




Course logistics

Mondays (and select Wednesdays)
3:30-5pm - In person/Zoom meetings

Jan
Jan

Lecture schedule

EM fundamentals section

Jan 10 — Introduction & Basic anatomy of the electron
MICrOSCcope

/ — MLK Jr holiday
9 — New cryokEM hardware and supporting a facility

Jan

Jan 19 :

0 2

0 9 1

Wednesdays
Starts at 3:30 - In person/Zoom meetings

Recitation schedule

2 TEM overview

Sample Preparation &
Support films

ourna
ourna

Jan 26 :]Journal club

C
C

uo
uo

O |6 : lomography — Appion/

Protomo workflow

Feb 23 :Journal club

E
E



Course logistics

Mondays (and select Wednesdays) Wednesdays
3:30-5pm - In person/Zoom meetings Starts at 3:30 - In person/Zoom meetings

Lecture schedule

EM crystallography section
Jan 31 — MicrokD (BIll Rice, NYU)
~eb 2 — Helical reconstruction (Hernando Sosa, Einstein)

lomography section

~eb |4 —Tomography (Wel Dal, Rutgers)
-eb 2| — President’s day holiday

~eb 28 - FIB-SEM (Bill Rice, NYU)

; + + Joachim Frank (Columbia University)
Slngle par LICIE SNOIrt COUrse Victor Chen & Wen Jian (Purdue Univeyrsity)
Week Of‘ \/larCh | 41:,.] Fred Sigworth (Yale University)

Amedee des Georges & Reza Khayat (ASRC/City University of New York)
Rich Hite (Memorial Sloan Kettering Cancer Center)
Tom Walz (Rockefeller University)
Cathy Lawson (Rutgers University)
Oli Clarke (Columbia University)
Gira Bhabha & Damian Ekiert (New York University)



Course logistics: class for credit

Wednesdays
Starts at 3:30 - SEMC conference room

Component Percentage Recitation schedule

| | = , Jan 12 : TEM overview
Recrtation/Participation  50% Jan 19 : Sample Preparation &

Support films
_jC//—/W/questhnS Jan 26 :Journal club

Feb 2 :Journal club

Feb 9 :Journal club

®

‘ Oé X 3 Feb |6 : Tomography — Appion/
Protomo workflow

Attendance 209 Feb 23 : Journal club

Practicals
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CRYOEM: TECHNOLOGY ON THE RISE

. ve
rfo‘Q
s »

coming soon



Electron Microscopy

CRYOEM:

viruses

proteins, ‘
antibodies o

small molecules ribosomes

o
S
‘-

SCALE

bacteria
-
P T
atoms ’WW iy chromosomes
fﬁ I B

DNA bases £ f b o

N .
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0.1 nm 1nm 10 nm 100 nm 1pm 10 pm 100 pm 1 mm
1l ]
'\';.-.,’; ’ {
crystalline lattices carbon quantum dots gates of transistors electromechanical, fluidic, optical, DNA microarrays
nanotubes magnetic microsystems

X_ r ay https://en.wikipedia.org/wiki/Nanoscopic_scale
Naked eye
Light microscopy




WHAT BROUGHT ABOUT THE (20122019
RESOLUTION REVOLUTION

Microscopes Direct Detectors Computers

Hardware

from 2012 to 2017
Cost reduced by 100x




THE
ELECTRON
MICROSCOPE

Ruska and Knoll in Berlin in the early 1930s
-Wikipedia

The Nobel Prize £ i ‘ The Nobel Prize @
@NobelPrize
Take a look at a sketch by physics laureate Ernst Ruska, Iﬂhe e}iec"l:‘?” 1”;'§éoscogezt'”ve”t,i? bty Et”:(St Rufka ancf’
dated 9 March 1931, of the cathode ray tube for testing Obézc tg‘:h;? revic;:;? séuﬂofz't bz Soeei e“E;Cv:’rLe:e:
one-stage and two-stage electron-optical imaging by J P oo e o ‘
: The tobacco mosaic virus, shown here magnified
means of two magnetic electron lenses (electron : : : :
. ! . 160,000 times was the first virus captured on film.
microscope). Ruska was awarded the 1986 physics prize
for his work.
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Transmitted
electrons

2 ~~ 1 Inelastic scattering
Elastic scattering &

® NMain beam electrons



WHY ELECTRONS

Pros

Small wavelength

Can be focused

Cons

Damages sample

worse with faster electrons

Poor penetration

better with faster electrons



CRYOEM MODALITIES AND TOOLS

Cryo-EM
Tomogaphy  Snbentde | BoBedor s
Approach Imaging Imaging Imaging/diffraction  Imaging/diffraction
Sample Cells or organelles Single particles 2D crystals 3D crystals
Top resolution 2.2 A 1.9 A 1.4 A

Example

https:/doi.org/10.1002/pro.2989


https://doi.org/10.1002/pro.2989

Light source Sy

Condenser lens

Sample

Objective
lens

Eve piece lens

CRYOEM TOOLS

e- Source

Condenser
lens

Sample

lens

Camera

e- source |/

Condenser
lens ."\‘

beam ﬂ ﬂ
deflector

Detector




MAIN PARTS OF AN EM

Electron gun

= _/
r—/iﬁ
Condensor aperture . | =] [5<]
u = 'y
Specimen portr o =2

ol

- Objective aperture

1

]

W n=glh=

Intermediate aperture

&)

NS Objective lens
I 1==-’_='E jé

Diffraction lens
Intermediate lens

Projector lenses

Binoculars § (N

Fluorescent screen

-

il

J

[ Image recording system

Electron sources

Vacuum systems
OQL
q Lenses

Detectors




ELECTRON SOURCES

What are the 3 main kinds of electron sources?




ELECTRON SOURCES

How fast are the electrons moving?

{ /

Iz
3
I
S

og

oI C
¢ " : 2
fie P / ‘
A/ s k] TP g VY
o 3 ‘ ~ :
3“8 | - é é. - ‘J(_'a\‘ —
m — g - ” :
3 & i
3. S = ' '
: \

https: / /www.youtube.com /watchev=tYCETévYdYk



ELECTRON SOURCES

How fast are the electrons moving?
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————— High Voltage Source

———

Vacuum Pump System

— 4
®
Liquid Nitrogen Cocling | ‘ ' Specimen Holder and
Tank — = J ¥
an \\” 4 ‘ ﬂ— Air-Lock
CCD Side-Mount ' ' .'

Camera —— g ) 'i Electromagnetic
Lenses

—_ Electron Gun

Alignment il -

. - v
Controls ‘ ™
- ~
‘ ot
_ \ o
" - - :
7 T |uorescent Viewing
W R

e

~
L
- ~
®. . e
- s

N ot Screen

https://ideas.lego.com/projects/102281

Energy-Dispersive
Spectrometer (EDS)

Cooled with Liquid N

Secondary
Electron
stector

Sample Chamber _/.-

Vacuum

ELECTRON SOURCES & TYPES OF EMS

/— Electron Column

Backscatter Flectron Detector

SEM-Viewing Screen

/ eDS-Chemical
Composition Results

N\
\— Stage Control




ELECTRON SOURCES & TYPES OF EMS

W or LaBé

High contrast & robust
sub-nm resolution

100 kV: screening TEMs, Tundra
FEG
3-7 A resolution

200 kV: JEM 2100F, Tecnai F20, Talos, Glacios, Arctica
FEG

2-5 A resolution

300 kV: JEM 3200FSC, cryo-ARM, Krios, Polara
FEG

Smaller effect on unwanted lens aberration
1.5-3.5 A resolution




3 MV: Hitachi H3000
LaBé
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ELECTRON SOURCES & TYPES OF EMS

1-1.2 MV: Hitachi, JEOL
LaB6

uhvem.osaka-u.ac.jp
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VACUUM SYSTEMS

Why do we need a vacuum?

Beam coherence - at STP mean free path ~1 cm

Insulation - interaction between e- and air

Filament - O2 will burn out source

Contamination - reduce interaction gas, e-beam and sample




VACUUM SYSTEMS

What types of pumps do we have?

1 mmHg =1 Torr = 102 Pa
1 atm = 760 Torr = 7.5x104 Pa

PVP / Rotary 1-103 Torr | >0.1 Pa

J/\LJI Diffusion 10-3-10¢Torr | 0.1-10-4 Pa

Chamber | Pump
li-- oil

i s N
Turbme NANNNN e a4
Blades /7. N

\)\\\ ////<

S ta tOf \.)\\.\ ////<‘

- \>\\\ ////<
Blades SNAANNN e LA

Heater

Turbo 104-10°Torr | 104107 Pa

QW“[ IGP 102-10-"2Torr | 10-7-10-° Pa

wikipedia.com
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Gun
10-? Torr

Specimen
10-6 -10-7 Torr

Chamber and Camera

10-5 -10-°Torr

VACUUM SYSTEMS

What types of pumps do we have?

1 mmHg =1 Torr = 102 Pa
1 atm = 760 Torr = 7.5x104 Pa

Vacuum (Supervisor) 4

[ oo | setings | oo I

Status: COL. VALVES
Pressure

Gun/Caol b
Camera 17
Buffertank 33
Backing line 55

Col. Yalves
Closed

Log
Log
Log
Log

Vacuum Overview

Unit: log

1 T| @

17

Process information:  Column valves closed

V] é—vg Pen3

Yacuum (Supervisor) 4

!Settingsr Control _

LoJE]

Pressure unit:

[V &uto stop Turbo when col. valves opened
™ Auto stop Turbo after IGP startup

Stop after: |;3;|:| il min
Projection Step
Yented Back

Default pressure unit: Log X Status: Col. Valves

Default airlock time: 120 s ] Gun 1 Log
Liner 6 Log
Octagon 1 Log
Autoloader 15 Log

Pressure Torr Pascal Log Projection 17 Log

Gun/Cal 8829 e4 1177 e 6 ggﬁ;’;g’,‘,he At I[ﬁg

Camera 035 eb 4605 eb 17

Buffertank 0.19 25.85 33

Backing 186 51432 55 Col. Valves Empty

Closed Buffer
I
Pir5 Col-Gun Air [N2] _ | EF—r > e o

ﬁ Wl

lgpl

Camn Air [N2]

W ove |

ODP

I

Y10

Yacuum (Supervisor) 4]

Status: Col. Valves
Gun 1.31e-08 Tomr
Liner 1.55e-08 Tomr
Octagon 1.42e-08 Tomr
Autoloader 1.74e-07 Tomnr
Projection 3.24e-07 Tomnr
Buffer tank 8.43e-01 Tomr
Backing line 8.78e+01 Tomr
Col. Valves Empty
Closed Buffer

!Settingsr Control _

Pressure unit; Tor ﬂ

[V &uto stop Turbo when col. valves opened
I~ Auto stop Turbo after IGP startup

Stop after: |;3:|:| _‘ﬂ min
Projection Step
Yented Back




LENSES

n What types of lenses do we have?

7
| L'I ...... ..

LT Deflector 1 (shift)

- Focus Deflector 2 (tilt)

* \ Solenoid

* Magnify

Lens

* Rotate

9
‘ .,
3 e
2 57
o el
» A
B ‘A'ﬂ(e‘.""‘"\ :
= CU . Image
" »
— . .
® : <
— % . Stigmator
L ’ ’
 J
o ..




LENSES

Do:
Start at eucentric height and focus

Check if it is already good before
attempt

Align from top to bottom
Not to do:
L 4 |

| | l.e..

0RO Ea O e

Condensor aperture == =

Specimen

Intermediate aperture

Binoculars § (in =

Electron gun

[I_ —

_{1\]

Q

ve aperture

lve lens

tion lens
Intermediate lens

Projector lenses

| " —

Fluorescent screen

e

Image recording system




DETECTORS

Photon .
—e @ CCD Charge Coupled Device
converted N
\ Complementary Metal
DlreCt SeﬂSiﬂg CMOS Oxide Semiconductor

phosphor g m
fiber optic plate
' Wjﬂ | |‘| ”‘ r‘ M ‘H‘

CCD CMOS CMOS

high dose rate

Direct Detectors



DETECTORS

MTF (Modulation Transfer Transform) DQE (Detector Quantum Efficiency)

contribute to signal envelope S/N over spatial frequency range
1.0 l 1.0
0.5 0.5 .....

s
'S

‘-llll.v....

ans® | 8

Je
%

.‘.

2o

Ny

0.0 0.5 1.0 0.0



DETECTORS

DQE

0.8

0.6

0.4

0.2

Loes

—— 40 keV
— | — 60 keV
— 80 keV
i — 100 keV
120 keV

0 0.2 0.4 0.6

Fraction of Nyquist

dectris.com

0.8

K2 Summil {super-resolution)

0.2

K2 Summit {(counting)
DE-12 —
Falcon Il —

Falcon |

F416

US4000

0.4 0.6 0.8
Fraction of Nyguist

Ruskin, et al JSB

!



ANATOMY OF AN SEM

Electron
Beam

j

Scanning
Coils

-

Backscdattered
Electron

Detector
- -

Stage

Electron Gun
-

Anode

M agnetic
Lens

TOoTV
scanner

secondary
Electron
Detector

Specimen

Electron gun: range from tungsten filaments
in lower vacuum SEMs to FEGs which need
modern high vacuum SEMs

Beam energy: 0.2 — 40 keV is focused by a
condenser lens system into a spot of 0.4 — 5 nm

Beam is deflected by very fast scanning coils
and rasters the sample surface

Typical resolution of SEM is between
1 and 20 nm where the record is 0.4 nm



ANATOMY OF AN SEM — BEAM
SAMPLE INTERACTIONS

incident high
kV beam

back-scattered secondary
electrons (BSE) electrons (SE)

characteristic

Auger g X-rays
electrons ™~
"absorbed” electron-hole
electrons . I pairs
specimen
o
Bremstrahlung
elastically inelastically
scattered direct scattered
electrons beam electrons

modified from Williams & Carter (1996) Fig. 1.3



ANATOMY OF AN SEM —
BEAM SAMPLE INTERACTIONS &IMAGE
FORMATION

Backscatered electrons Secondary electrons

X rays

+4+++++

electron
beam

10A Auger electrons

1" Elcectron

oy "Edge Effect”

50-500 A secondary electrons

backscattered

electrons
1* Elcectiran

ooz

Many
Secondary
Klceirona
Ezcape

continuum x-rays

- Fou
\ \ 3 J//—seoondary fluorescence Segondary
\ = by continuum and w_ clectronas
characteristic x-rays [osvape

ST Thick Sample ’ L.



ANATOMY OF AN SEM —
BEAM SAMPLE INTERACTIONS &IMAGE
FORMATION

Backscatered electrons Secondary electrons

X +
rays +
_“—\\\c
e- +
e e- e
e- e Ce ¢ | 4
— |+
/ / '
! 3
{ Y
Titanium Silicon

atomic number 22 atomic number 14




TOOLS OF THE TRADE:

MICROSCOPES AND | ovestions
DETECTORS




