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Notice

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.

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.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

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.

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.

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.

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.

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.

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.

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.

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

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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The information in this document will be updated without notice.

The application circuits and their parameters are for reference only and are not intended for use in actual design-ins.

This document provides the general outline of the products, i.e., the design concepts for the external circuits
that must be directly connected to the products. The quality and characteristics described in the Data Sheet
of these products are guaranteed but NEC takes no responsibility for your design and application using these
products.

Therefore, design external circuits on your own responsibility by referring to this document and in accordance
with the planned system requirements, and confirm the characteristics of your application circuit.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or of others.
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PRECAUTIONS FOR DESIGN-INS

1)
)

®)
(4)

(6)

(6)

Observe precautions for handling because of electro-static sensitive devices.

Form as wide a ground pattern as possible to minimize the ground impedance. Especially, connect patterns to
avoid generating different impedance among the ground pins.

Insert a feedback capacitor (of 1000 pF for example) between the Vcc and AGC pins.

Insert a = type circuit consisting of a series inductor and two parallel capacitors (4.7 nH and 1000 pF for
example) outside the feedback capacitor of the Vcc pin.

Connect an external LC matching circuit including a parallel inductor to the output pins. The RF ground of the
parallel inductor must be the z type circuit opposite to the Vcc pin.

The DC cut capacitor must be attached to the input pin. Do not externally adjust the pin voltage.
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1. PREFACE

Mobile telephones have rapidly become widespread and radio communications have become popular in recent
years. Because mobile telephones perform radio communication at high frequencies, demand for high-frequency ICs
is growing. In addition, these high-frequency ICs also require low current in order to realize longer talk time and
waiting time. Moreover, they are also required to be low-cost and be able to be densely mounted on a printed circuit
board in order to create compact application systems.

To satisfy these requirements, NEC has developed variable-gain amplifier ICs for transmission AGC of silicon
MMICs, namely the pPC8119T and uPC8120T. Because the circuits of these products are designed as to allow you
to adjust the external components such as inductors and capacitors, the relation between the external components
and internal circuits must be clearly grasped. This document explains the approach toward designing application
systems of these ICs.

2. PRODUCT OUTLINE

The yPC8119T and uPC8120T are silicon microwave monolithic ICs developed for the transmission-stage AGC of
mobile communications equipment. The gain of these ICs can be varied by an external control circuit. The
puPC8119T is for forward control and the uPC8120T is for reverse control. Both the products are packaged in a 6-pin
mini-mold for high-density and surface mounting. The operating frequency can be adjusted by external matching
constants to the output pins. Both products have an operating frequency range of 100 MHz to 1.9 GHz. At first,
these products were developed for PDC800 M/1.5 G, but they are actually used not only in PDC but also in PHS
because they can operate at up to 1.9 GHz.

Because these ICs are variable gain amplifiers, the user must prepare an external control circuit such as an AGC
detector circuit when AGC operation is to be performed. This external control circuit may be an ordinary circuit and
not limited in any way, and no special circuit is recommended.

The details of specifications and characteristic curves of these ICs should be referred to their Data Sheets.

3. PRODUCTION PROCESS

NEC'’s original silicon bipolar process NESAT-IIl is employed as the production process of both the uPC8119T and
uPC8120T. The features of this production process are briefly explained below.

<1> High fr (gain bandwidth product) of 20 GHz is realized by reducing the emitter junction thickness of the
transistor.

<2> Low noise and high gain by minimizing the emitter width (0.6 um) and base junction thickness of the
transistor and thereby lowering the base resistance and E-B junction capacitance.

<3> High reliability, including moisture proofness, through employment of direct nitride film structure by which the
base and emitter surfaces are covered with a nitride film via a thin oxide film.

Because of these features, NESAT-III is suitable for producing low-voltage ICs with excellent electrical characteristics.



Figure 3-1. Cross-Sectional View of Transistor Created by NESAT Process (internal element of IC)
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4. INTERNAL CIRCUIT CONFIGURATION AND OPERATION

Figure 4-1 shows the internal equivalent circuit of the uPC8119T and puPC8120T. The internal circuits of the
puPC8119T and pPC8120T are identical except for the internal control circuit.

Both the pPC8119T and uPC8120T are differential amplifiers and vary the gain by changing the current proportion
of the differential transistor pairs of control circuit side and output side. The output pins are of the open-collector of
the output transistor and externally configure a matching circuit. The same voltage as Vcc is applied to the output pin
as a bias via the inductor of the matching circuit. The circuit current is the sum of the current into Vcc pin and into the
output pin. Although the proportion of these circuit current changes with the control voltage, the sum of the current
into the output pin and into the Vcc pin is constant. The current into the Vcc pin is minimum at the maximum gain,
and maximum at the minimum gain (at maximum attenuation). Conversely, the current into the output pin is
maximum at the maximum gain, and minimum at the minimum gain (at maximum attenuation). To get maximum gain,
AGC control voltage should be minimized on uPC8119T of forward control type but should be maximized on
uPC8120T of reverse control type. (Refer to the characteristic curves in Data Sheet.) The explanation here can be
summarized in the Table 4-1.

Figure 4-1. Equivalent Circuit of Internal Block

Differential amplifier Control voltage input block

®

To gain control block

From gain »—K
control block

5 Toe

[— % -~ To bias circuit @

00,

Remark The gain control block is not described at element level because the internal design of the IC is confidential.



Table 4-1. Operational Differences between  uPC8119T and puPC8120T

Operation
DC Parameters Part Number
At maximum gain At minimum gain
AGC control voltage (forward control) Minimum Maximum uPC8119T
Current into Vce pin Minimum Maximum
AGC control voltage (reverse control) Maximum Minimum uPC8120T
Current into output pin Maximum Minimum

5. EXTERNAL CIRCUIT CONFIGURATION

Figures 5-1 and 5-2 show an example of external circuit configuration and an example of configuration on an
evaluation board. With these ICs, the external capacitors connected to the Vcc line and Vacc pin determine the
minimum gain, and the output matching circuit determines the maximum gain.

The external circuit of each pin is explained in detail below.

5.1 Vcc Line and V acc Pin (Determining minimum gain)

The output pin is the collector of the differential output transistor, so the bias is applied to the output pin by
connecting an inductor to the Vcc line that is connected to the Vcc pin, which is another collector of the differential
control circuit. Unless an external circuit is connected so that the Vcc line is the load, therefore, the high-frequency
signal from the Vcc pin leaks to the output pin at the minimum gain (because the current of the transistor at the
control side is maximum at the minimum gain). It is therefore necessary to optimize the feedback by inserting a
feedback capacitor between the Vcc and AGC pins and by inserting a = type circuit consisting of a series inductor
and two parallel capacitors outside the feedback capacitor of the Vcc pin. As a result, the leakage of the high-
frequency signal from the Vcc pin can be attenuated. Without the feedback capacitance, the minimum gain increases
about 10 dB. Without the = type circuit, it increases about 20 dB. You, however, should note that this feedback
capacitance is affected by variations of the products if its value is too small to have frequency characteristics. In the
test circuit shown in the Data Sheet, each capacitance is 1000 pF which value is insensitive to characteristics in VHF
band. In the Data Sheet, a test circuit using a jumper line or pattern L as the series inductor of the x type circuit is
shown. This circuit is for simple evaluation and actually, a multi layer chip inductor of 4.7 nH can be used.

5.2 Output Matching (Determining maximum gain)

Because these ICs are of the open-collector output type, configure an LC matching circuit for RF impedance with
external components. The matching circuit consists of a parallel inductor at the Vcc side and a series capacitor
toward the following stage. The collector of the output pin is biased by the voltage on the Vcc pin via an inductor for
RF matching, as described above. Consequently, the inductor connected to the output pin has two effects: RF effect
of frequency matching and DC effect of applying a bias. Therefore, use a high-frequency inductor with a low DC
resistance. The LC value should be determined by referring to the S parameter at the maximum gain of the IC, so
that a power gain is obtained in a narrow region according to the operating frequency. Select a value so that S22
drops to —20 dBm at the maximum gain of the frequency band used. To bias the inductance connected to the output
pin, connect the output pin to the outside of the = type circuit (not to the IC side) connected to the Vcc line (otherwise,
the high-frequency signal from the Vcc pin leaks out to the output pin and the minimum gain will not be available
below this leak level).

5.3 Input Pin
The impedance of the input pin is relatively low but is higher than 50 Q. The presence or absence of matching
should be determined by the impedance of the preceding stage. The bias must not be externally applied to input pin.

9



Figure 5-1. Example of External Circuit Configuration

Matching at f = 950 MHz or 1440 MHz

C1, C3 through C7 : 1000 pF
L2 : 4.7nH
Determine L1 and C2 based on the S parameter of pin 4, including the strip line length of the board and according to the

frequency. Connect output matching inductor L1 to outside the =z type circuit (not to the IC side).

Output matching circuit
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Cc2 !
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|

74|Zi_|, He= 777;;%&;11 -LC7 To power supply
A ; ; | ; AN

Gain |[¢ | |\ "m0 2 Bypass capacitor
7 control
Input ©&— 1 block

S

B ey N

To control

o TTtype circuit
circuit P

Feedback capacitor
(connects pins 5 and 6)

Determine whether matching is necessary for input, depending on the relation with the impedance of the preceding stage.

The output matching is of high-pass type. The circuit format is the same
at 950 and 1440 MHz. The output matching constants differ depending on
the frequency used.

Matching at f = 1900 MHz

C1, C3 through C7 : 1000 pF
L2 4.7 nH
Determine L1, C2, and C8 based on the S parameter of pin 4, including the strip line length of the board and according to the

frequency. Connect output matching inductor L1 to outside the =z type circuit (not to the IC side).

Output matching circuit

|
— 3] e HiF—— o oup
fffffffffffffffff S B

| > 1 , o0 4 To power suppl
{ +—1| — c5 Ce-L 3 -Lc7 P oY
7T ; ; | ; AN

(=) [Gan |5 | [\ - ! Bypass capacitor
Input ©——— 1 !

Determine whether matching is necessary for input, depending on the relation with the impedance of the preceding stage.

To control
circuit

mTtype circuit

Feedback capacitor (connects pins 5 and 6)

The output matching is of low-pass type. The minimum gain is higher than
that shown in the Data Sheet in the case of high-pass matching.
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Figure 5-2. Example of External Circuit Configuration on Evaluation Board

(&) On TYPEL1 board

Matching at f = 950 or 1440 MHz
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Figure 5-2. Example of External Circuit Configuration on Evaluation Board

(b) On TYPE2 board

Matching at f = 950 or 1440 MHz
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Note In the example of mounting on a printed circuit board in the test circuit in the Data Sheet, more than one
inductor L1 for output matching is connected in parallel. Because the test circuit is an NEC test fixture for
inspection and because there is no optimum L value for the inspection fixture, the necessary L value is
created by connecting plural L1s in parallel. In actual application by the user, the optimum L value can be
obtained by using one chip inductor as described in 5.4.

Remark Evaluation board
The following two types of evaluation boards are available for these ICs. Because the patterns on
these boards are used for an inspection fixture that easily confirms the characteristics of the ICs, and
because components cannot be mounted in the vicinity of the ICs, the pattern size is greater than the
actual size. This means that these patterns are not recommended patterns.
Table 5-1 shows the major differences of the two types of evaluation boards: TYPE1l and TYPE2.
Because TYPE1 can mount an external inductor to the x type circuit of the Vcc line, it can evaluate
whether this inductor is provided or the dependency of the L value.
TYPE2 can evaluate whether the characteristics can be ensured by using the inductor of about 5 nH of
the power supply = type circuit as pattern L when the number of components is reduced. In addition,
because a Vcc pin monitor line is provided, the leakage from the Vcc pin can be also evaluated.
The constants of the mounted components for output matching and type differ depending on the
frequency used, and TYPE is not divided by the part number or frequency. When purchasing an
evaluation board, specify the type No. by referring to Table 5-1.

Table 5-1. Types of Evaluation Boards

Type Name (inscribed on pattern) Features
uPC8119/20T TYPE1 Can connect external inductor to = type circuit of Vcc line
uPC8119/20T TYPE2 Pattern L equivalent to 5 nH is printed for 7 type circuit of Vcc line.

Notes on evaluation board (common to TYPE1 and TYPE 2)

(1) 35-um thick copper patterning on both sides of 35 x 42 x 0.4 mm polyimide board
(2) GND pattern on rear side

(3) Solder-plated patterning side

(4) oO: Through hole

Design the actual print pattern depending on the material of your board and frequency. For foot print and mount
pad dimensions, refer to Semiconductor Device Mounting Technology Manual (C10535E).

5.4 Parameters for Matching Circuit Designing

The matching circuit constants shown in the Data Sheet are for the evaluation board also shown in the Data
Sheet. This evaluation board is for simple evaluation only and it is considered to be impossible to apply this board in
an actual system. For your reference for designing a matching circuit, Figure 5-3 shows the S parameter values
(MAG and ANG) of the puPC8119T and pPC8120T (without matching) and an input/output Smith chart. It is
recommended that matching be created based on the parameters at the maximum gain, so that the maximum gain of
these ICs are ensured. For this reason, the parameters shown in Figure 5-3 are at the maximum gain (changes in
the impedance at the minimum gain poses no problem to the actual application). Optimize the matching circuit
constants by considering these parameters and the mounting board element.
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Figure 5-3. S Parameter Values (MAG, ANG) and Input/Output Smith Chart without Matching

(a) uPC8119T

uPC8119T
Conditions: Vcc = Vout = 3.0V, Vacc = GND, Ta = +25°C
S11 S22
MAG ANG MAG ANG

1: 130 MHz 0.659 -22.1 0.996 -4.4
2: 240 MHz 0.560 -33.6 0.992 -8.2
3: 950 MHz 0.413 -67.7 0.890 -30.4
4: 1440 MHz 0.428 -94.2 0.788 -42.1
5: 1900 MHz 0.440 -116.0 0.728 —49.3
Su Z

REF 1.0 Units

200.0 mUnits/

hp
START 0.100000000 GHz
STOP  3.100000000 GHz
S22 z
REF 1.0 Units

200.0 mUnits/
hp

START 0.100000000 GHz
STOP  3.100000000 GHz



(b) pPC8120T

uPC8120T
Conditions: Vcc = Vout = 3.0 V, Vacc = Ve, Ta = +25°C
S11 S22
MAG ANG MAG ANG
1. 130 MHz 0.594 -22.8 0.987 -4.5
2: 240 MHz 0.500 -34.2 0.980 -8.3
3: 950 MHz 0.365 —-68.5 0.882 -30.9
4: 1440 MHz 0.403 -96.0 0.784 -42.5
5: 1900 MHz 0.412 -117.9 0.726 -50.8
S Z
REF 1.0 Units
200.0 mUnits/
hp
START 0.100000000 GHz
STOP 3.100000000 GHz
S22 Z
REF 1.0 Units
200.0 mUnits/
hp

START 0.100000000 GHz
STOP  3.100000000 GHz
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5.5 Supplement on Application

Because these ICs do not have a power save pin in limitation of the total number of pins, they must be turned
ON/OFF by the Vcc voltage for intermittent operation. Turning ON/OFF the Vcc voltage poses no problem to the
internal transistor of durability, as long as the voltage applied to the Vacc pin does not exceed 3 V.

Although the recommended operating range of the input level is specified to be Pin: —18 dBm or less, this is under
the condition that the adjacent channel interference power (APC) is —60 dBc or less at Af = £50 kHz in the case of the
modulation signal of PDC. In the case of the modulation signal of PHS, it is Pin: —10 dBm or less where the APC is
—60 dBc or less at Af = £600 kHz. Under conditions other than above, confirm the characteristics of the set to
determine the input level.

6. OTHER APPLICATION EXAMPLES

Although the application of the ICs at the narrow band has been explained so far, these ICs can be also used at a
wide band with a high-impedance load. In this case, the output pin is operated with an inductor load, instead of
frequency matching. Although the values of external components L1 and C2 of the output pin are small in Figure 5-2
according to the frequency for impedance matching in a narrow band, increase the values of these components in a
wide band by employing a high pass type external configuration that does not have a frequency dependency. For
example, L1 = 300 nH and C2 = 1000 pF (where the lower-limit frequency is 100 MHz) can be used. To cover a
lower-frequency range, increase the values of L1 and C2 much more. Figure 6-1 shows the frequency vs. power
gain characteristics in a wide band. The output port impedance at this time is close to S22 of these ICs themselves.
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Power gain Gp or S21 (dB)

Power gain Gp or S21 (dB)

Figure 6-1. Power Gain vs. Frequency Characteristics at Wide Band Operation
(a) puPC8119T

o S21 log MAG 10 dB/REF 0 dB

20
10 Gpmax (Vace = 0 V)
I S —
0
-10 —
20 A/ Gpwmin Value
7T 3 Geun (Vase = 3.0V) 1 900 MHz : 38,0 dB
-30 1 2 Vi : .
_ y A 1500 MHz : —23.9 dB
40 v 2
A .
50 ,/ 3 1900 MHz : -18.4 dB
Ta=+25°C
-60 Vcec = Vot =3.0V
Vout is applied via bias tee.
7 START 100.000 000 MHz STOP 3100.000 000 MHz
01 04 07 10 13 16 19 22 25 28 31
Frequency f (GHz)
(b) uPC8120T
0 S21 log MAG 10 dB/REF 0 dB
20
Gpmax (Vacec = 3.0 V)
10 I I ———
0
/
-10
/
—20 } _— 23& Gemin Value
Gy (Vage =0 V) A 950 MHz : -34.0 dB
-30 v 1
A 2
_40 L7 Vi 1440 MHz : -21.6 dB
/ 3 .
50 7 1900 MHz : -15.6 dB
Ta=+25°C
-60 Vce = Vo= 3.0V
Vout is applied via bias tee.
"7 START 100.000 000 MHz STOP 3100.000 000 MHz
01 04 07 10 13 16 19 22 25 28 31
Frequency f (GHz)
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7. CONCLUSION

These ICs are expected to be used in a variety of applications when the user determine the external circuit
constants and optimize the characteristics depending on the operating conditions and in relation with the internal
circuit.

Reference pPC8119T, uPC8120T Data Sheet (Document No.: P11027E)

Remark The external control circuit should be referred to the documents of your external control circuit
devices.
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