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Notice 
1. All information included in this document is current as of the date this document is issued. Such information, however, is 

subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please 
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights 
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.  
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights 
of Renesas Electronics or others. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

5. When exporting the products or technology described in this document, you should comply with the applicable export control 
laws and regulations and follow the procedures required by such laws and regulations.  You should not use Renesas 
Electronics products or the technology described in this document for any purpose relating to military applications or use by 
the military, including but not limited to the development of weapons of mass destruction.  Renesas Electronics products and 
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited 
under any applicable domestic or foreign laws or regulations. 

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics 
does not warrant that such information is error free.  Renesas Electronics assumes no liability whatsoever for any damages 
incurred by you resulting from errors in or omissions from the information included herein. 

7. Renesas Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as 
indicated below.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
application.  You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior 
written consent of Renesas Electronics.  Further, you may not use any Renesas Electronics product for any application for 
which it is not intended without the prior written consent of Renesas Electronics.  Renesas Electronics shall not be in any way 
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Renesas Electronics.  The quality grade of each Renesas Electronics product is “Standard” unless otherwise 
expressly specified in a Renesas Electronics data sheets or data books, etc. 

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual 
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“Specific”:  Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or 
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, 
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation 
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or 
damages arising out of the use of Renesas Electronics products beyond such specified ranges. 

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a 
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire 
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because 
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system 
manufactured by you. 

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental 
compatibility of each Renesas Electronics product.  Please use Renesas Electronics products in compliance with all applicable 
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS 
Directive.  Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas 
Electronics. 

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this 
document or Renesas Electronics products, or if you have any other inquiries. 

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 
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Diode 
Variable Capacitance Diodes 

1. Characteristics of Variable Capacitance Diodes 

1.1 About Variable Capacitance Diodes 
Variable capacitance diodes, take advantage of the fact that the capacitance of the diode PN junction varies with the 
applied reverse bias voltage.  This differs from other diodes, such as rectifying diodes and switching diodes, which use 
the rectifying effect of the PN junction, or current regulation diodes, which take advantage of zener breakdown or 
avalanche breakdown. 

In the past, variable capacitance diodes have been used for AFT and AFC in TV, FM, and other tuners, and in FM 
modulators.  At present, however, variable-capacitance diodes are most commonly used as tuning elements. 

Recently, due to their adoption in new media applications such as car navigation systems, personal computers, and 
digital broadcasting, demand is increasing for more compact tuners offering improved performance.  In particular, the 
market for portable communications equipment centered on mobile phones is growing rapidly, and large numbers of 
variable capacitance diodes are used in the VCO (voltage controlled oscillator) circuits in these products. 

1.1.1 Basic Operating Principle 
When a reverse bias is applied to a PN junction, a depletion layer, a layer in which there are no free electrons, is formed.  
The width of this layer is proportional to the applied reverse bias.  The junction capacitance is lower when the depletion 
layer is wider, and higher when it is narrower.  In other words, in variable capacitance diodes, the width of the depletion 
layer changes with changes in the reverse bias voltage (VR).  These diodes make use of the resulting changes in the 
junction capacitance. 
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Figure 1.1   Operating Principles 
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As shown in figure 1.1, the capacitance, C, of a capacitor is given by the following formula. 

C = 
ε · S

d  
S: Junction area, ε: Depletion layer permittivity, d: Depletion layer width 

The junction capacitance of a variable capacitance diode can be expressed by the same formula as that used for the 
capacitance of a capacitor.  In addition, changes in the capacitance depend on the impurity concentration, as illustrated 
in figure 1.1.  Special techniques are used in the fabrication process to introduce the desired impurity concentration. 

1.1.2 Variable Capacitance Diode Characteristics 
The diode reverse direction region (saturation region) is a region in which current does not flow.  This region has a 
capacitance component, allowing the diode to be used as a capacitor. 

Variable capacitance diodes are used in tuning circuits formed from the diode capacitance (C) and the inductance (L) of 
a coil.  The tuning frequency (f) is given by the following formula. 

1

2π  C · L
f = 

 
The tuning frequency (f) can be changed by changing the capacitance (C) with the applied voltage, a feature of this type 
of diode.  This means that the desired tuning frequency can be achieved by controlling the voltage applied to the diode. 

In addition, variable capacitance diodes are available with a variety of specific characteristics, such as capacitance value 
and variation ratio, to match different frequency and frequency range requirements. 

Di

V L

 

Figure 1.2   Tuning Circuit 

1.2 Process C 
Renesas has superseded the earlier process for fabricating variable capacitance diodes (process B) with process C, 
which yields more optimal results.  In particular, process C provides uniform voltage-capacitance (CV) characteristics 
and a large capacitance variation ratio, allowing for an expanded range of reception frequencies.  Additional advantages 
include low series resistance and a superior performance index (figure 1.3). 
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Figure 1.3   Process C Features and Impurity Profile Comparison 

 
Note: Process C is adopted as a standard process technology also to the products of RKV-type no. 
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2. Variable Capacitance Diode Application Examples 
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Figure 2.1   High Frequency Vari-Cap Diode Products Road Map 
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3. Variable Capacitance Diode Structure 

3.1 Chip Cross-Sectional Structure 
As shown in figure 3.1 high-quality single-crystal silicon is used for variable capacitance diodes, and silicon epitaxial 
planar pellets are employed to ensure a high level of reliability. 

N+ P+
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N+

SiO2A
Anode

Cathode  

Figure 3.1   Chip Cross Section 

 

3.2 Assembly Structure 
Variable capacitance diodes are available in URP, UFP, SFP, EFP, MPAK, and CMPAK-4 packages. 
(See figure 3.2 to figure 3.5.) 

Bonding wire

Lead frame

Epoxy resin

Diode chip
 

Figure 3.2   URP Package Structure 
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Bonding wire
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Figure 3.3   UFP, SFP, and EFP Package Structure 
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Figure 3.4   MPAK Package Structure 
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Figure 3.5   CMPAK-4 Package Structure 
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3.3 Trend in Packages 
Portable equipment, such as mobile phones, is becoming thinner and offering a greater range of functions.  As a result, 
there is a need for thinner electronic devices for use in modules such as VCO and antenna switches. 

Renesas mass-produces variable capacitance diodes in the EFP (Extremely small Flat Package, Renesas package code, 
maximum external dimensions 0.8 × 0.6 × 0.5 mm) package, using the smallest lead pin type (1006).  Furthermore, the 
MP6 (Micro Package 6) is provided as the package with the smallest external form (body size in mm: 0.6 × 0.3 × 0.3) as 
a response to the increasing trend towards ultra-slim electronic devices.  The electrodes are arranged on the bottom of 
the package, so the MP6 is capable of reducing mounting areas by 70% as a measure for smaller and thinner embedded 
equipment. 

Renesas is committed to offering electronic devices providing excellent performance in extremely compact packages. 
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Figure 3.6   Trend in Packages 

 

3.4 Package Dimensions 
Unit: mm 
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Unit: mm 
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4. Soldering 

4.1 Temperature Profile Example 
4.1.1 Conditions for Using the Reflow Soldering Method 
 
Table 4.1   Soldering Conditions for the Diode Packages 

Lead plating Sn-Pb Sn-Bi, Sn-Cu 
Solder paste Eutectic alloy 

of Sn-Pb 
Sn-Ag Eutectic alloy 

of Sn-Pb 
Sn-Ag 

Package 
surface 
temperature 
(upper limit) 

Peak: 260°C 
220°C or higher for no more than 60 s 

Peak: 260°C 
220°C or higher for no more than 60 s 

Temperature 
profile 

1 to 4°C/s

Time (s)P
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)

255°C 16s Max
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160°C
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4.1.2 Flow-Soldering Conditions (URP, CMPAK-4, and MPAK) 
Soldering Conditions for flow soldering are shown below. 

Table 4.2   Soldering Conditions for Flow Soldering 

Item  Condition Upper Limit Applicability 
Temperature 80 to 150°C Preheating 
Time 1 to 3 minutes

— Substrate surface 

Temperature 230 to 250°C 260°C Temperature of the solder layer Solder dip 
Time 2 to 4 s 10 s Time taken to pass through the solder layer 
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4.2 Footprint of Surface-Mounted Diodes 
Table 4.3 lists example soldering conditions for surface-mounted diodes. 

Table 4.3   Example Soldering Conditions for Surface-Mounted Diodes 

Item 
Package Footprint (land) Dimensions Cream Solder Thickness 
MPAK 

1
.0

0.950.95

2
.6

0.8

 

0.15 to 0.30mm 

CMPAK-4 1.3

1
.9

0
.8

 

0.15 to 0.30mm 

URP 

0
.8

1.50.8 0.8  

0.15 to 0.30mm 

UFP 

0
.8

1.10.6 0.6  

0.15 to 0.30mm 

SFP φ0.5

1.4  

0.15 to 0.30mm 

EFP φ0.4

1.0  

0.15 to 0.30mm 

Notes: 1. Footprint (land) dimensions are given in millimeters (mm). 
 2. Cream solder thickness values are examples using reflow mounting. 
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5. Variable Capacitance Diode Continuous Taping Method (C.C. Method) 

5.1 Renesas C.C. Method 
In order to avoid tracking error within the operating frequency band in electronic tuner front-end circuitry, and the like, 
variable capacitance diodes used are sorted into groups based on their voltage-capacitance characteristics (C-V curve).  
It is necessary to limit the capacitance deviation (ΔC/C) to no more than a few percentage points, within the specified 
bias range required by the tuner characteristics. 

Renesas has introduced the C.C. (continuous connected taping system) method for grouping variable capacitance diodes.  
It is described below. 

5.2 Grouping with the Renesas C.C. Method 
Variations in the characteristics of semiconductor devices can be caused by inconsistencies in the materials or 
production processes used.  However, chips that were located next to one another on the silicon wafer during the 
fabrication process exhibit nearly identical characteristics.  Thus, if chips from adjacent positions on the silicon wafer 
are assembled sequentially and then affixed to a tape, it is possible to perform grouping in a continuous manner.  This is 
how the C.C. method works. 

Wafer lot

A B F

Mixed up during assembly Sorted into groups Devices from same group

affixed to tape

Sorting

... ...

• Conventional manufacturing system

• C.C. manufacturing system

Sorting in frame configuration

Sequential lead shaping

... ...

1 2 3 ...
... 7 8 ...

...1 2 3 7 8
1 3 72

Single wafer Adjacent chips are assembled

and molded sequentially so they

do not become mixed up.

Products sequentially assembled,

molded, and lead shaped are

affixed to tape continuously.  

Figure 5.1   Differences Between Systems Using Conventional Method and Renesas C.C. Method 
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Table 5.1   Differences Between Characteristics of Conventional Method and Renesas C.C. Method 

Conventional Method Renesas C.C. Method 
Poor parallelism of C-V curves 

C2 C25

2%

2%

For example, if ΔC/C is 2%, products with a cross-
curve like that shown above may be present. 

Good parallelism of C-V curves 

C2 C25

2%

2%

For example, even if ΔC/C is 2%, the C-V curves will 
be in parallel as shown above.  Thus, good tuner 
tracking characteristics are assured. 

High ΔC/C value 
Due to the way the chips are sorted, there will be a 
distribution within the selection setting range. 

Low ΔC/C value 
Chips that were next to each other on the silicon 
wafer are adjacent to each other on the tape, thereby 
minimizing variations. 

Many groups (breaks in continuity) per reel 
Since the chips are sorted afterward, the quantity per 
group is small.  This means that more groups will be 
included in each reel. 

Few groups (breaks in continuity) per reel 
The continuous system minimizes breaks in 
continuity within individual reels, resulting in 
improved mounting efficiency during use (because 
the mounting machine does not need to be stopped 
as frequently). 

 

5.3 Renesas C.C. Method Tape Specifications 
The main specifications are indicated below. 

(1) Ten devices with continuous random ΔC/C are guaranteed. (However, the number of continuous devices differs 
depending on the product.) 

(2) The two tape arrangements shown below are available. 
 

• TRU: Breaks in continuity are indicated by four blank spaces.

Continuous Continuous

ContinuousContinuous

• TRV: Breaks in continuity are indicated by a blank space and non-reflective tape.

 

Figure 5.2   Renesas C.C. Method Taping Specifications 
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6. Specifications and Characteristics 

6.1 Variable Capacitance Diodes for VCO (1) 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

0 1 2 3 4

C–VR Characteristics

Reverse Voltage   VR   (V)

C
a
p
a
c
it
a
n
c
e
  
 C

  
 (

p
F

)
355C

RKV608KP

RKV653KP

RKV606KP

385C

 

Figure 6.1   Variable Capacitance Diodes for VCO (1) 
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6.2 Variable Capacitance Diodes for VCO (2) 
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Figure 6.2   Variable Capacitance Diodes for VCO (2) 
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6.3 Variable Capacitance Diodes for VCO (3) 
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Figure 6.3   Variable Capacitance Diodes for VCO (3) 
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6.4 Variable Capacitance Diodes for Tuner (1) 
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Figure 6.4   Variable Capacitance Diodes for Tuner (1) 
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6.5 Variable Capacitance Diodes for Tuner (2) 
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Figure 6.5   Variable Capacitance Diodes for Tuner (2) 
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6.6 Variable Capacitance Diodes for Tuner (3) 
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Figure 6.6   Variable Capacitance Diodes for Tuner (3) 
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