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a b

c

Supplementary Figure 1
Installation of the CoMBI system. a: The controller (white arrow) is attached to the front panel of the 
cryostat by magnets. The plate-like projection, which is hooked to the groove (black arrow), contributes to 
stability of the attachment. b: The sensor (white arrow) is attached close to the handle. A light-absorbing 
sheet is attached to the handle (black arrow). c: The illumination is fixed using plastic plates and a clip 
(black arrow), and illuminates the block-face orthogonally. The cleaning brush is attached to the back of 
the knife holder (white arrow), and cleans the block throughout imaging. Covers are used to stabilize the 
chamber temperature and avoid fogging.

Supplementary Figure S1 | Installation of the CoMBI system. a: The controller (white arrow) is attached to the front 
panel of the cryostat by magnets. The plate-like projection, which is hooked to the groove (black arrow), contributes 
to stability of the attachment. b: The sensor (white arrow) is attached close to the handle. A light-absorbing sheet 
is attached to the handle (black arrow). c: The illumination is fixed using plastic plates and a clip (black arrow), and 
illuminates the block-face orthogonally. The cleaning brush is attached to the back of the knife holder (white arrow), 
and cleans the block throughout imaging. Covers are used to stabilize the chamber temperature and avoid fogging. 
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Supplementary Figure 2
Controller. a: Schematic instructions are shown on the front panel. b: The controller is fixed to the 
cryostat with two magnets (black arrows in b), and the plate-like projection is hooked to the groove 
(white arrows in b and d). c: The jacks at the bottom connect the sensor, camera, cleaning brush, 
illumination, and 12 V power supply. d: Toggle switches are used to switch the sensor, brush, and 
illumination, and to control camera focus and shutter release. e: The LED at the right side of the panel 
indicates the timing of shutter release. The rocker switch is the main power switch. f: There is no 
function on the left side. g: The internal appearance of the controller is shown. The jacks and switches 
are connected to the main board. h: The main board consists of an optocoupler (1), a microcontroller 
for regulating the shutter release (2), a microcontroller for regulating the cleaning brush (3), a DC/DC 
converter for converting 12 V to 5 V (4), resistors, capacitors, and connectors, which are soldered and 
wired as illustrated at the bottom. Square pattern: 1 cm.

Supplementary Figure S2 | Controller. a: Schematic instructions are shown on the front panel. b: The controller 
is fixed to the cryostat with two magnets (black arrows in b), and the plate-like projection is hooked to the groove 
(white arrows in b and d). c: The jacks at the bottom connect the sensor, camera, cleaning brush, illumination, and 
12 V power supply. d: Toggle switches are used to switch the sensor, brush, and illumination, and to control camera 
focus and shutter release. e: The LED at the right side of the panel indicates the timing of shutter release. The rocker 
switch is the main power switch. f: There is no function on the left side. g: The internal appearance of the controller is 
shown. The jacks and switches are connected to the main board. h: The main board consists of an optocoupler (1), 
a microcontroller for regulating the shutter release (2), a microcontroller for regulating the cleaning brush (3), a DC/
DC converter for converting 12 V to 5 V (4), resistors, capacitors, and connectors, which are soldered and wired as 
illustrated at the bottom. Square pattern: 1 cm.
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Supplementary Figure 3 
Sensor. a: The top view of the sensor is shown. A photoreflector is fixed between the plastic frames 
(black arrow). The sensor is attached stably to the cryostat by magnets at the central part of the plate 
spring, which presses silicone pads to the cryostat (white arrow). The sensor detects light reflection 
from the handle surface, and sends the analog value to the microcontroller. Changes in value at the 
light-absorbing sheet on the handle trigger camera shutter release. b, c: Side and bottom views of the 
sensor are shown. Square pattern: 1 cm.

Supplementary Figure S3 | Sensor. a: The top view of the sensor is shown. A photoreflector is fixed between the 
plastic frames (black arrow). The sensor is attached stably to the cryostat by magnets at the central part of the plate 
spring, which presses silicone pads to the cryostat (white arrow). The sensor detects light reflection from the handle 
surface, and sends the analog value to the microcontroller. Changes in value at the light-absorbing sheet on the 
handle trigger camera shutter release. b, c: Side and bottom views of the sensor are shown. Square pattern: 1 cm.
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Supplementary Figure 4 
Illumination, cleaning brush, and covers. a: The illumination consists of two LED lamps. The frames were 
made of white acrylic plates, which do not affect the color valance of the illumination. b – d: The cleaning 
brush consists of three brushes and a servomotor, and is attached to the back of the knife holder by 
magnets (black arrows). e, f: Covers are used to stabilize the chamber temperature and avoid fogging. The 
cover has hollows for imaging the block-face, and inserting the illuminating device and the wire of the 
cleaning brush. The clear acryl plate allows checking of the condition of the block-face during imaging. 
Square pattern: 1 cm.

Supplementary Figure S4 | Illumination, cleaning brush, and covers. a: The illumination consists of two LED lamps. 
The frames were made of white acrylic plates, which do not affect the color valance of the illumination. b – d: The 
cleaning brush consists of three brushes and a servomotor, and is attached to the back of the knife holder by magnets 
(black arrows). e, f: Covers are used to stabilize the chamber temperature and avoid fogging. The cover has hollows 
for imaging the block-face, and inserting the illuminating device and the wire of the cleaning brush. The clear acryl 
plate allows checking of the condition of the block-face during imaging. Square pattern: 1 cm.
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Supplementary Figure 5
Procedure for making the frozen blocks with a right cylindrical shape and black background. 
a: Pieces of 15-ml or 50-ml plastic tube 25 mm in height, aluminum foil, black rubber rings, 
and specimen holders are used to make frozen blocks. The plastic tubes are cut open at 
one potion. b: The cups are made using plastic tubes and aluminum foil. c: The blocks are 
quickly frozen in liquid nitrogen. d, e: Aluminum foil and plastic tubes are removed. f: The 
frozen blocks are attached to the specimen holder. g: The black rubber rings are installed at 
the bottom of the block. 

Supplementary Figure S5 | Procedure for making the frozen blocks with a right cylindrical shape and black 
background. a: Pieces of 15-ml or 50-ml plastic tube 25 mm in height, aluminum foil, black rubber rings, and specimen 
holders are used to make frozen blocks. The plastic tubes are cut open at one potion. b: The cups are made using 
plastic tubes and aluminum foil. c: The blocks are quickly frozen in liquid nitrogen. d, e: Aluminum foil and plastic tubes 
are removed. f: The frozen blocks are attached to the specimen holder. g: The black rubber rings are installed at the 
bottom of the block. 
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Supplementary Figure S6 | Drawings for self-made devices. The acrylic plates 2 mm thick were processed by a laser 
cutting machine to produce the enclosure of the controller (a), frames of the sensor (b), illumination (c), cleaning brush 
(d), and cover (e). A chloroprene sponge sheet 1 mm thick was processed to make the rubber rings (f). Lines indicate 
scratching pattern (black), first cutting lines (magenta), and second cutting lines (green).Drawings were saved as SVG 
files with a resolution of 90 dpi.
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Supplementary Figure 6
Procedure for image processing. a: Block-face images in RAW format are converted to 
JPEG images and cropped (boxed area). The outer circumference of the block is necessary 
for subsequent image registration. b: Images are registered, then cropped again (boxed 
area) to create a derivative image series. c, d: Color and grayscale image series are 
created. These series are converted to DICOM images and used for MPR and VR, 
respectively.

Supplementary Figure S7 | Procedure for image processing. a: Block-face images in RAW format are converted to 
JPEG images and cropped (boxed area). The outer circumference of the block is necessary for subsequent image 
registration. b: Images are registered, then cropped again (boxed area) to create a derivative image series. c, d: Color 
and grayscale image series are created. These series are converted to DICOM images and used for MPR and VR, 
respectively.
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//***********************************************************

// Designed for the sensor device, a part of the CoMBI system.

// ATtiny85 syncs cryostat handle and shutter release,

// using a photoreflector (Rohm RPR-220) and an optocoupler (Toshiba TLP785GB).

// Upload the code with the internal clock 1 MHz.

//***********************************************************

const int ledPin = 1;            //connect LED to 1

const int shutterPin = 0;        //connect an optocoupler to 0

const int sensorPin = A2;      //connect the sensor signal to A2

int sensorVal = 0;

void setup() {
    pinMode(ledPin, OUTPUT);
    pinMode(shutterPin, OUTPUT);
    digitalWrite(ledPin, HIGH);           // Twincle LED to sign turning on

    delay(200);
    digitalWrite(ledPin, LOW);
    delay(200);
    digitalWrite(ledPin, HIGH);
    delay(200);
    digitalWrite(ledPin, LOW);
}

void loop() {
  sensorVal = analogRead(sensorPin);
  delay(2);
  
  if (sensorVal > 250){                 // If the sensor detect the light absorbing sheet

    digitalWrite(shutterPin, HIGH);        // Release shutter

    delay(10);
    digitalWrite(shutterPin, LOW);
    digitalWrite(ledPin, HIGH); // Indicate the sheet position and shutter release by LED

    delay(2000);
    digitalWrite(ledPin, LOW);
    }

    else{
      digitalWrite(ledPin, LOW);
      digitalWrite(shutterPin, LOW);
    }
}

Supplementary Note | Codes for releasing the shutter (left) and regulating the cleaning brush (right)

//***********************************************************

// Designed for the cleaning device, a part of the CoMBI system.

// ATtiny85 controlls a Micro Servo SG92R.

//

// Download and Install "SoftwareServo.h" into the Arduino Software.

// Modify the SoftwareServo.h file to use <Arduino.h> instead of <WProgram.h>.

// Upload the code with the internal clock 1 MHz.

// 

// (In case of Arduino/Genuino Uno, use "Servo.h".)

//***********************************************************

#include <SoftwareServo.h> 

SoftwareServo myservo;  // create servo object

void setup() 
{ 
  myservo.attach(0);  // attach the servo on pin 0 to the servo object

} 

void loop() 
{ 
  myservo.write(5);              // sets the servo position 5 

  delay(300);                    // waits for the servo to get there 

  SoftwareServo::refresh();       // recommended

  
  myservo.write(55);             // sets the servo position 55 

  delay(300);
  SoftwareServo::refresh();
  
} 


