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FCC ID: ALH22933110
2.1033(c)(10) CIRCUIT DESC.

(FCC [D:ALH22933110)

TK-790 Circuit Descriptions

The Kenwood Model TK-790 is an all solid-state VHF FM transceiver designed to operate in
the frequency range of from 148 to 174MHz.

The TK-790 consists of a display unit, a control section, a transmitter-receiver (TX-RX)
section, and a transmitter power amgplifier section.

1. Display Unit (Front Panel Section)

There are two types of displays, A and B, available as a dealer installable option. The
display unit consists of a microprocessor (IC4), a liquid crystal display (LCD) assembly, a
power supply control circuit, and associated circuits,

)] A rotary encoder is used for selecting the operating channel. An up or down puise,
generated at the rotary encoder is converted to a serial data signal and it is sent to
the control section by the microprocessor.

{2 On or Off signals from various function switches are converted to a corresponding
serial data signal and sent to the control section by the microprocessor.

3) Serial data, sent from the control section, is received by the microprocessor, and the
corresponding LCD segments are turned on.

The A type display comprises an 8-digits 13-segments alphanumeric display,

3-digits 7-segments alphanumeric display and icon display for confirming operation.
TX and BUSY indicators are also provided.

The B type display comprises 14-digits(large) and 3-digits(small) dot-matrix, 14-digits
alphanumeric display, 3-digits channel status display and icon display for confirming
operation.

TX and BUSY indicators are also provided.

2, Control Section

The control section consists of a receive audio circuit, a transmitter microphone amplifier
circuit, a microprocessor, and associated peripheral circuits.

The control section transfers data to or from the display unit in serial format.

- The control section microprocessor (IC516) is connected to an external EPROM (IC514)
and an external FLASHROM (1C519), and controls the following functions:

n Programs or retrieves the channel frequency data to or from the EEPROM.
{2) Sends the channel frequency data to the frequency synthesizer section.
{3) Sends sub-audible signal encoder data to the microphone amplifier section.

{4) Processes (decodes) an incoming sub-audible signal, received at its analog-
to-digital converter input port, and controls the audio mute circuit.

(5) Processes a squelch signal from the IF IC (IC101) and controls the noise
squelch circuit.

(6) Controls the audio circuit and swilches between transmit and receive

according to the data sent from the display unit.
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- Receive audio circuit and transmitter microphone amplifier (Mic amp.) circuit

A recovered audio signal from the received signal, obtained at the TX-RX unit, passes
through band-pass filter circuit(IC518,524) and then it is applied to the D/A converter(IC512)
for electronic volume control and the receive audio power amplifier(IC522) section. An audio
signal, originating at the microphone, is applied to microphone amplifier
section(IC505,510,513) after going through a mic gain adjustment (VR501).The signal is then
pre-amplified, pre-emphasized. The processed audio signal is again amplified by a voltage
saturation type limiting amplifier and it is routed to the TX-RX unit after going through a
24dB/oct low-pass filter and D/A converter (IC512) for maximum deviation control.

3. TX-RX Section

The TX-RX section contains a frequency synthesizer section, a receiver RF section, IF
sections, and a transmitter exciter section.

3.1 Frequency Synthesizer Section

The frequency synthesizer section consists of a TCXO (2301), a PLL circuit, and associated
circuits,

The TCXO operates at 16.8 MHz, its frequency being maintained within 12.0ppm from -30°C
to +60°C. The 16.8MHz signal from the TCXO is applied to the PLL IC (IC301), where the
signal is divided by 40KHz or 50KHz reference signal.

Two independent VCOs are provided for the transmitter and receiver to cover a wide
frequency spread between the transmit and receive frequencies. The transmit signal is
produced by Q306, and the receive LO signal is produced by Q305. The RF signals,
generated at the VCOs, are amplified by a common buffer amplifier (Q310). The output
signal from the buffer amplifier is split into two and each signal is applied to buffer amplifiers
Q212 and Q311. The Q311 output is routed to the PLL IC (IC301), and the Q312 outﬁut is
used as the receiver LO signal or the transmit signal.

The PLL IC (IC301) consists of prescaler, fractional divider, reference divider, phase
comparator, charge pump. The PLL IC is fractional-N type synthesizer and performs is the
40 or 50KHz reference signal which is eighth of the channel step (5, 6.25 or 7.5KHz).

The input signal from the pin 5 of the PLL IC is divided down to the 40 or 50KHz and
compared at phase comparator. The pulsed output signai of the phase comparator is applied
to the charge pump and transformed into DC signal in the loop filter(Q303,304). The DC
signal is applied to the VCO and locked to keep the VCO frequency constant.

The IC301 lock detector output signal causes the DC level to change and this is detected by
the microprocessor in the control section. The microprocessor inhibits the transmitter to
eliminate uniawful transmission if this condition occurs.

The output signai from the Mic amplifier in the control section is appiied to the transmit VCO
for frequency modulation (FM) of the transmit carrier signal.

3.2 Receiver RF and IF Stages

The receiver is a double conversion superheterodyne, designed to operate in the frequency
range of from 148 to 174MHz. The RF and IF stages of the receiver section consists of an
RF amplifier (Q101), a first mixer DBM(A101), a first IF amplifier (Q102,107) and a second
IF system IC (IC101).
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An incoming signal from the antenna is applied to a band-pass filter after going through a
low-pass filter and an antenna switch. The signal is then ampiified by the RF amplifier and
again fitered by another band-pass filter (L110, L111 and L112). The amplified and filtered
signal is heterodyned at the first mixer with a first LO signal originated at the frequency
synthesizer. The resulting 44.85MHz first IF signal is amplified by a first IF
ampiifier(Q102)and filtered filtered by a 4-pole crystal filter (XF101;wide.XF102;narrow) and
is further amplified by a first IF amplifier (Q107). The processed first IF signal is then applied
to the second IF system IC, where the signal is heterodyned again down to 455kHz,
amplified, filtered,CF301(WIDE},CF302(NARROW) and FM detected. The FM system IC
also includes an oscillator circuit to generate a second LO signal of 45.305MHz. FM
detection is performed by a quadrature type detector and the detected signal is routed to the
control section.

3.3 Transmitter Exciter Section

The transmitter exciter section consists of an two amplifiers(IC01,Q204) to amplify the
modulated signal from the frequency synthesizer to between 200 and 300mW. The
amplified signal is routed to the transmitter power amplifier section through a coaxial cable.

4, Transmitter Power Amplifier Section

The transmitter power amplifier section consists of an RF amplifier module an antenna
switch, a low-pass filter and an automatic power control circuit (APC).

The exciter output signal from the TX-RX section is first ampiified to 45W by the RF power
amplifier module(IC1). The signal is routed to the antenna connector after going through the
antenna switch and the low-pass(harmonics) filter. The low-pass filter of a chebychev type,
which has an insertion loss of 0.5dB or less and a minimum attenuation of 40dB at the
second harmonic frequency. The second harmonic attenuation at the output of IC1 is 30dB
or more. Therefore, the total attenuation of any frequency above the second harmonic signal
is guaranteed to be greater than 70dB. The antenna switch, which consists of D3 and .D4,is
RF conductive to the receiver circuit when diodes are turned of. In the transmit mode, these
diodes are tumed on, causing the transmitter output signal to be conducted to the antenna
while the receiver front-end is RF isolated by a quarter wave network.

The APC circuit comprises an RF level detector, and an exciter control section.
The RF level detector senses the forward and reflected power. The transmitter output power
is kept constant by the exciter control circuit which monitors the forward power and regulates
the supply voltage applied to the exciter section. If the antenna ioad becomes abnormal,
the reflected power increases, causing the exciter control circuit to reduce the supply voltage
to the exciter. This action reduces the transmitter output power to a safe operating level.

- Erasable Programmable Read Only Memory

- Electronically Erasable Programmable Read Only Memory

. Temperature Compensated Crystal Oscillator

. Phase Locked Loop '

. Voltage Controlled Osciliator

. Local Oscillator



KENWOOD COMMUNICATIONS CORPORATIO!
ACTIVE DEVICES

ALH22933110 FCC ID: ALH22933110
xxxkx  SEMICONDUCTOR PARTS LIST sk PAGE 1
FOR MODEL : TK-790
(TX-RX UNIT ,X57-5610-10)

—————————————————————————— SELECT: 1998-07-28 16:08:48

CURCUIT PARTS NUMBER DESCRIPTION

SYMBOL

D1 DSA3AL-FK DIODE, PROTECTION

D2 22ZR-10D SURGE ABSORBER, SURGE ABSORPTION

D3 MA4PHE33 DICDE, ANT SWITCH

D4 MI809 DIODE, ANT SWITCH

D5 HSM8BAS DIODE, FORWARD WAVE RECTIFICATION

D6 HSM88AS DIODE, REFLECTED WAVE RECTIFICATION

D101 188355 DIODE,DC SWITCH

D102 15V269 VARIABLE CAPACITANCE DIODE,BPF TUNING
D103 MAT742 DIODE, NOISE DETCTOR

D104 18V269 VARIABLE CAPACITANCE DIODE,BPF TUNING
D105 13v269 VARIABLE CAPACITANCE DIODE,BPF TUNING
D106 DAN235K DIODE, IF SWITCH '

D107 DAN235K DIODE, IF SWITCH

D108 DAN235K DIODE, IF SWITCH

D109 DAN235K DIODE, IF SWITCH

D201 DAZ204K DIODE,TX PRE-DRIVE BIAS

D202 DA204K DIODE,TX PRE-DRIVE BIAS

D301 13v282 VARIABLE CAPACITANCE DIODE, FREQUENCY CON
D302 15v282 VARIABLE CAPACITANCE DIODE, FREQUENCY CON
D303 15v282 VARIABLE CAPACITANCE DIODE, FREQUENCY CON
D304 13v282 VARIABLE CAPACITANCE DIODE, FREQUENCY CON
D305 15V214 VARIABLE CAPACITANCE DIODE,MODULATOR
D306 DAN235K DICDE,RF SWITCH

D501 02CZ18(X,Y) ZENER DIODE,DC SWITCH

D502 135355 DIODE, REVERSE CURRENT PREVENTION

D503 188355 DIODE, SURGE ABSORPTION
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D504
D505
D506
D507
D508
psll
D512
D513
D514
D515
D516
D517
D518
D519
D520
D521
D522
D523
D524
D525
D526
D527
D528
D529
A101
IC101
10201
10202
1C203
I€301

02CZ5.6(X,Y)
158355
138301
02CZ15(X,Y)
188355
158301
158355
DAZ04y
DAZ204U
DAZ204U
DAZ204U
DAZ2040
DA204U
DAZ04U
DAZ204U
DAZ204U
DAZ04U
DA204U
DAZ204U
DA204U
DAZ04U
DA2040
188355
158355
W02-1939-05
TA31136FN
BU4094BCF
NJM78LO5UA
ANBOO9M
SAT025DK

ZENER DIODE,VOLTAGE REFERENCE
DIODE,DC SWITCH

DIODE,BC SWITCH

ZENER DIODE,VOLTAGE REFERENCE
DIODE,DC SWITCH

DIODE,DC SWITCH

DIODE, REVERSE CURRENT PREVENTION
DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DI0DE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION

DIODE, SURGE ABSORPTION
DIODE,REVERSE CURRENT PREVENTION
DIODE,REVERSE CURRENT PREVENTION
IC, DBM

IC,FM IC

IC, SHIFT REGISTER

IC,5V AVR

IC,9V AVR

IC,PLL IC
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(TX-RX UNIT
CURCUIT PARTS NUMBER
SYMBOL
1¢501 TC4013BF(N)
1C502 NIM4558M
1C503 TA7808S
1504 TC35453F
1C505 NJM4558M
1€506 L78LRO5B-FA
1C508 NIM4558M
1509 MC33172D
1C510 NJM45584
1¢511 PCD3312CT
1¢512 M62364FP
IC513 NJM4558M
10514 AT24C64N108127
1C515 BU4066BCF
10516 784214GC0228EU
1C517 BU4094BCF
IC518 NJM4558M
1C519 AT29C020-90TI
10520 TC7S02F
1¢521 NJM4558M
1¢522 TDAS561Q
10523 BU4094BCF
10524 NJM4558M
10525 LCT3872M
Q1 2SA1162(Y)

Q2 2502399
Q3 25C2712(Y)

EES 2t

SEMICONDUCTOR PARTS LIST

Kk RkKk PAGE 2

FOR MODEL : TK-790

DTC144EUA

,X57-5610-10)
SELECT: 1998-07-28 16:08:48

DESCRIPTION

IC,LPF

IC,8V AVR

IC, COMPARATOR
IC,HPF/IDC

IC,5V AVR
IC,LIMIT/BUFFER AMP.
IC,BUFFER AMP,

IC, SUMMING AMP/LPF
IC,DTMF ENCODER
IC,D/A CONVERTER
IC,LPF/SUMMING AMP.
IC, EEPROM

IC,ANALOG SWITCH
IC,CPU

IC, SHIFT REGISTER
IC,BUFFER AMP.

IC, FLASH

IC,NOR GATE
IC,BUFFER AMP./AMP
IC,AUDIO POWER AMP.
IC,SHIFT REGISTER
IC,BUFFER AMP./DE-EMPHASIS
IC,DTMF DECODER
TRANSISTOR,DC AMP.
TRANSISTOR,APC CONTROLLER
TRANSISTOR,DC SWITCH
TRANSISTOR,DC SWITCH
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Q5 FMW1 TRANSISTOR,APC COMPARATOR
Q6 25C2712(Y) TRANSISTOR,DC SWITCH

Q10! 25C3357 TRANSISTOR,RF AMP.

Q102 25€3357 TRANSISTOR, [F AMP.

Q104 25€3357 TRANSISTOR,RF AMP.

Q105 DTA144EUA TRANSISTOR,DC SWITCH

Q106 DTC144EUA TRANSISTOR,DC SWITCH

Q107 28C4215(Y) TRANSISTOR, IF AMP.

Q108 DTC144EUA TRANSISTOR,DC SWITCH

Q109 28C4617(S) TRANSISTOR, SQL AMP,

Q201 25C3357 TRANSISTOR,TX PRE-DRIVE AMP.
Q202 28B1132(Q,R) TRANSISTOR,DC SWITCH

0203 DTC114EUA TRANSISTOR,DC SWITCH

Q204 25C2954 TRANSISTOR, TX PRE-DRIVE AMP.
Q205 DTC114EUA TRANSISTOR,DC SWITCH

Q206 28B1132(Q,R) TRANSISTOR,DC SWITCH

@301 28C4116(GR) TRANSISTOR,RIPPLE FILTER
Q302 25C4116(GR) TRANSISTOR,RIPPLE FILTER
Q303 25C3722K(8S) TRANSISTOR,LOOP FILTER
Q304 28C3722K(8) TRANSISTOR,LOOP FILTER
Q305 2SK508NV(K52) FET,08C

@306 28K508NV(K52) FET, 0SC

Q307 25C4116(Y) TRANSISTOR,DC SWITCH

Q308 258C4116(Y) TRANSISTOR,DC SWITCH

Q309 DTC114EUA TRANSISTOR,DC SWITCH

@310 25C4215(Y) TRANSISTOR, BUFFER AMP,
@3t 25C4215(Y) TRANSISTOR, AMP.
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xexxx SEMICONDUCTOR PARTS LIST sk PAGE 3
FOR MODEL : TK-790

(TX-RX UNIT ,X57-5610-10)
—————————————————————————— SELECT: 1998-07-28 16:08:48

CURCUIT PARTS NUMBER DESCRIPTION
SYMBOL

Q312 25C3120 TRANSISTOR, AMP.

@501 DTA114EUA TRANSISTOR,DC SWITCH

Q502 DTC114EUA TRANSISTOR,DC SWITCH

@503 DTC114EUA TRANSISTOR,DC SWITCH

Q504 DTC363EK TRANSISTOR,DC SWITCH

2505 DTC144EUA TRANSISTOR,DC SWITCH

Q506 DTA114YUA TRANSISTOR,DC SWITCH

Q607 DTC114YUA TRANSISTOR,DC SWITCH

@509 DTC144EUA TRANSISTOR,DC SWITCH

@610 DTC144ETA TRANSISTOR,DC SWITCH

@511 DTC144EUA TRANSISTOR,DC SWITCH

Q512 DTC144EUA TRANSISTOR,DC SWITCH

@513 DTC144EUA TRANSISTOR,DC SWITCH |
Q514 DTA144TKA TRANSISTOR,DC SWITCH .
@015 DTC114EUA TRANSISTOR,DC SWITCH

Q516 DTA114TUA TRANSISTOR,DC SWITCH

Q517 DTC144EUA TRANSISTOR,DC SWITCH

Q518 DTA114EUA TRANSISTOR,DC SWITCH

@519 28J506(S) FET,DC SWITCH

0520 DTD114EK TRANSISTOR,DC SWITCH

@522 28C4215(Y) TRANSISTOR,BEAT SHIFT SWITCH
Q523 DTC114TU TRANSISTOR,DC SWITCH

Q524 DTC114TU TRANSISTOR,DC SWITCH

525 DTC144EUA TRANSISTOR,DC SWITCH
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SEMICONDUCTOR PARTS LIST  skxxx PAGE 1
FOR MODEL : TK-790

»X45-3560-10)

—————————————————————————— SELECT: 1998-07-28 18:42:46

b2 3+ 2

(FINAL UNIT
CURCUIT PARTS NUMBER
SYMBOL
D1 HSM88AS
D2 HSM88AS
D3 185184
D4 22ZR-10D
D5 155193
D6 02CZ10(X,Y)
D7 SG-5L(R)
Ql 25C2712(Y)
Q2 258C2712(Y)
Q3 28D1406(Y)
Q4 25A1162(Y)
@5 FMW1
Q8 FMC2
Q9 28D1624(S)
Q10 25C2712(Y)
Q11 DTC144EUA

DESCRIPTION

DIODE, FORWARD WAVE RECTIFICATION
DIODE, REFLECTED WAVE RECTIFICATION
DIODE, COMBINER

SURGE ABSORBER, SURGE ABSORPTION
DIODE, SURGE ABSORPTION

ZENER DIODE, VOLTAGE REFERENCE
DIODE, PROTECTION

TRANSISTOR,DC AMP.

TRANSISTOR, DG SWITCH
TRANSISTOR, APC CONTROLLER
TRANSISTOR, DC AMP. g
TRANSISTOR, APC COMPARATOR '
TRANSISTOR, TX/RX SWITCH
TRANSISTOR, TX/RX SWITCH
TRANSISTOR, DC SWITCH

TRANSISTOR, DC SKITCH
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xxxxx  SEMICONDUCTOR PARTS LIST  skkxx PAGE 1
FOR MODEL : TK-790
( ,Y51-4480-10)
-------------------------- SELECT: 1998-07-28 19:26:17

CURCUIT PARTS NUMBER DESCRIPTION
SYMBOL

IC1 M68702H IC, POWER AMPLIFIER
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*kxx¥  SEMICONDUCTOR PARTS LIST  skxxx PAGE 1
FOR MODEL : KCH-1!
(DISPLAY UNIT ,X64-3200-20)
-------------------------- SELECT: 19988-07-30 13:54:54

CURCUIT PARTS NUMBER DESCRIPTION

SYMBOL

D1 DA204U DIODE, SURGE ABSORPTION

D2 DA204U DIODE, SURGE ABSORPTION

D3 DAZ204U DIODE, SURGE ABSORPTION

D4 DA204U DIODE, SURGE ABSORPTION

D5 02€Z9.1(X,Y) ZENER DIODE, VOLTAGE REFERENCE

D B30-2194-05 LED,BUSY LED

D7 B30-2193-05 LED,TX LED

D11 DA2040 DIODE, SURGE ABSORPTION

D12 DA2040 DIODE, SURGE ABSORPTION

D14 DA204U DIODE, SURGE ABSORPTION

D15 DA204U DIODE, SURGE ABSORPTION |
D16 DAZ04U DIODE, SURGE ABSORPTION '
D18 188301 DIODE,DC SWITCH

IC1 NJM78LOSUA IC,AVR

IC2 RH5VL42C IC,RESET IC

IC3 AT24C64N108127 IC,EEPROM

104 78P064GCITGAK IC,CPU

Q1 28C2873(Y) TRANSISTOR,LED CURRENT CONTROLLER
Q2 DTC144EU TRANSISTOR,DC SWITCH

Q3 DTC144EU TRANSISTOR,DC SWITCH

Q4 DTC144EU TRANSISTOR,DC SWITCH

Q5 DTC144EU TRANSISTOR,DC SWITCH

Q6 DTC144EU TRANSISTOR,DC SWITCH

Q7 DTC144EU TRANSISTOR,DC SWITCH

Q8 DTC144EU TRANSISTOR,DC SWITCH

Q9 DTC114TU TRANSISTOR,DC SWITCH
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Q10 DTC114TU TRANSISTOR,DC SWITCH
ED1 B38-0801-05 LCDASSY, LCD/LCD DRIVER
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xexkk SEMICONDUCTOR PARTS LIST  soxkxx PAGE 1
FOR MODEL : KCH-10
(DISPLAY UNIT ,X54-3190-20)
—————————————————————————— SELECT: 1998-07-28 20:05:48

CURCUIT PARTS NUMBER DESCRIPTION

SYMBOL

D1 DA204U DIODE, SURGE ABSORPTION

D2 DAZ2040 DIODE, SURGE ABSORPTION

D3 DAZ04U DIOBE, SURGE ABSORPTION

D4 DA204U DIODE, SURGE ABSORPTION

D5 02CZ29.1(X,Y) ZENER DIODE, VOLTAGE REFERENCE

D B30-2140-05 LED,LCD BACK LIGHT

D7 B30-2140-05 LED,LCD BACK LIGHT

D8 B30-2140-05 LED,LCD BACK LIGHT

D3 B30-2140-05 LED,LCD BACK LIGHT

D10 B30-2140-05 LED,LCD BACK LIGHT

D11 B30-2140-05 LED,LCD BACK LIGHT ;
D12 B30-2194~05 LED, BUSY LED '
D13 B30-2193-05 LED,TX LED

D16 DAZ04U DIODE, SURGE ABSORPTION

D17 DA2040 DIODE, SURGE ABSORPTION

D19 DAZ20417 DIODE, SURGE ABSORPTION

D20 DAZ04U DIODE, SURGE ABSORPTION

D21 DA2040 DIODE, SURGE ABSORPTION

D24 158301 DIODE,DC SWITCH

IC1 NJM78L0OSUA IC,AVR

1¢2 RH5VL42C IC,RESET IC

€3 AT24C64N10S127 IC, EEPROM

104 78P064GCJTGAK IC,CPU/LCD DRIVER

Ql 25C2873(Y) TRANSISTOR,LED CURRENT CONTROLLER
Q3 DTC144EC TRANSISTOR,DC SWITCH

Q4 DTC144EU TRANSISTOR,DC SWITCH
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25
Q6
Q7
Q9
Q11
Q12
QL3

DTC144EU
DTC144EU
DTC144EU
DTC144EU
DTC144Ey
DTC114TU
DTC114TU

TRANSISTOR,DC SWITCH
TRANSISTOR,DC SWITCH
TRANSISTOR,DC SWITCH
TRANSISTOR,DC SWITCH
TRANSISTOR,DC SWITCH
TRANSISTOR,DC SWITCH
TRANSISTOR,DC SWITCH
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xkxkk  SEMICONDUCTOR PARTS LIST  kkxx PAGE 1
FOR MODEL : KRK-6DH
(INTERFACE UNIT ,X46-3240-21)

—————————————————————————— SELECT: 1998-07-30 14:02:52

CURCUIT PARTS NUMBER DESCRIPTION
SYMBOL

D2 158355 DIODE, SURGE ABSORPTION
D3 185355 DIODE, SURGE ABSORPTION
D4 DAZ204K DIODE, SURGE ABSORPTION
1C2 BU4094BCF IC, SHIFT REGISTER

IC4 BU4366 IC,ANALOG SWITCH

IC5 LA4446 IC,AF AMPLIFIER

IC6 NJM4558M IC,AF AMPLIFIER

IC7 M62363FP IC,ELECTRONIC VOLUME

Q2 DTC114EK TRANSISTOR,DC SWITCH

Q6 DTC114EK TRANSISTOR,DC SWITCH

Q7 DTC363EK TRANSTSTOR,MUTING SWITCH

Q8 DTC114EK TRANSISTOR,DC SWITCH



