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XR79120

22V, 20A Synchronous Step Down COT Power Module

General Description

The XR79120 is a 20A synchronous step-down Power Module for point-of
load supplies. A wide 4.5V to 22V input voltage range allows for single
supply operation from industry standard 5V, 12V, and 19.6V rails.

With a proprietary emulated current mode Constant On-Time (COT)
control scheme, the XR79120 provides extremely fast line and load
transient response using ceramic output capacitors. It requires no loop
compensation hence simplifying circuit implementation and reducing
overall component count. The control loop also provides 0.12% load and
0.17% line regulation and maintains constant operating frequency. A
selectable power saving mode allows the user to operate in discontinuous
mode (DCM) at light current loads thereby significantly increasing the
converter efficiency. With a 93% peak efficiency and 84% for loads as low
as 100mA, the XR79120 is suitable for applications where low power
losses are important.

A host of protection features, including over-current, over-temperature,
short-circuit and UVLO, help achieve safe operation under abnormal
operating conditions.

The XR79120 is available in a RoHS compliant, green/halogen free
space-saving 74-pin 12x14x4mm QFN package.  With integrated
controller, drivers, bootstrap diode and capacitor, MOSFETSs, inductor,
CIN and COUT, this solution allows the smallest possible 20A POL
design.

Typical Application

FEATURES

= Controller,

drivers, bootstrap diode and

capacitor, MOSFETs, Inductor, CIN and COUT

integrated in one package

= 20A Step Down Module

o Wide 4.5V to 22V Input Voltage Range

o >0.6V Adjustable Output Voltage
Proprietary Constant On-Time Control

o No Loop Compensation Required

o Stable Ceramic Output Capacitor Operation
o Programmable 200ns to 2ps On-Time

o Constant 400kHz to 600kHz Frequency
Selectable CCM or CCM/DCM

o CCM/DCM for high efficiency at light-load
o CCM for constant frequency at light-load
Programmable Hiccup Current Limit with

Thermal Compensation

Precision Enable and Power Good flag
Programmable Soft-start

m 74-pin 12x14x4mm QFN package

APPLICATIONS

VIN
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Networking and Communications
Fast Transient Point-of-Loads
Industrial and Medical Equipment
Embedded High Power FPGA

Ordering Information — back page
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Absolute Maximum Ratings Operating Conditions

Stresses beyond the limits listed below may cause perma-  PViNe 3V to 22V

nent damage to the device. Exposure to any Absolute Max-

) ) o ; V[Neoeeeseraeenseesessas s aes s see s s s en s snaenennen 4.5V to 22V

imum Rating condition for extended periods may affect

device reliability and lifetime. VGG eerrertnerentetett sttt ettt 4.5V t0 5.5V

PVING VINeoreeessssssssssssssess s “08VI0 25V QU ILIM.....oooooeeeeeeeeeeeeeeee e 1V to 22v()

VG -0.3V to 6.0V PGOOD, Ve, Ton SS, EN, FB..ooeeeeeeveeea -0.3V to 5.5V

BST et -0.3V10 31V guitching FreqUency........oeemmoreeoeeeosrs 400kHz to 600kHz(®

BST-SW.....cee e -0.3Vto 6V Junction Temperature Range................ccooevvenn.. -40°C to +125°C

SW, ILIM. ... -1V to 25v(1-2) JEDEC51 Package Thermal Resistance, 0 jp................ 14.5°C/W

ALL other pins........ccoocviieeeriiee e -0.3V to VCC+0.3V Package Power DiSSIPation at 25°C..........ov..ovvveerreeeerrere 6.9W

Storage Temperature..........ccccovvecerieeieeeienineee -65°C to +150°C

Junction Temperature..............ccccovvieiiiiiiicienec 150°C Note 1: No external voltage applied.

Power Dissipation..........ccccveeeviieiiiiii s Internally Limited Note 2: SW pin’s minimum DC range is -1V, transient is -5V for less than
50ns.

Lead Temperature (Soldering, 10 SEC).......cccvvrrueennne 260°C MSL3 Note 3: Recommended frequency for optimum performance

ESD Rating (HBM - Human Body Model)...........cccocueerriierenee. 2kV

Electrical Characteristics

Unless otherwise noted: T;= 25°C, V|\=12V, BST=Vgc, SW=AGND=PGND=0V, Cycc=4.7uF. Limits applying over the full
operating temperature range are denoted by a “*”

Parameter Conditions
Power Supply Characteristics
VCC regulating ° 5 22
ViN Input Voltage Range v
VCC tied to VIN ° 4.5 5.5
Ivin VIN Input Supply Current Not switching, V|y = 12V, Vgg = 0.7V ° 0.7 1.5 mA
lvee VCC Quiescent Current Not switching, Voe=Vy =5V, Vgg = 0.7V ° 0.7 1.5 mA
(VN VIN Input Supply Current f=500kHz, Ron=61.9k, VFB=0.58V 21 mA
loFF Shutdown Current Enable = 0V, V| = 12V 1 pA
Enable and Under-Voltage Lock-Out UVLO
VIH_EN EN Pin Rising Threshold . 1.8 1.9 2.0 \
VeEn_Hys | EN Pin Hysteresis 50 mV
VIH_EN EN Pin Rising Threshold for DCM/ i 2.8 3.0 3.1 \
CCM operation
Ven_Hys | EN Pin Hysteresis 100 mV
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Parameter

Conditions

VCC UVLO Start Threshold, Rising 4.00 4.25 4.40 Vv
Edge
VCC UVLO Hysteresis 200 mV
Reference Voltage
VN =5V to 22V, VCC regulating 0.597 0.600 0.603 \Y
VN = 4.5V to 5.5V, VCC tied to VIN 0.596 0.600 0.604 Vv
VRer Reference Voltage
V)N =5V to 22V, VCC regulating
0.594 0.600 0.606 Vv
VN = 4.5V to 5.5V, VCC tied to VIN
DC Line Regulation CCM, closed loop, V|n=4.5V-22V, applies +0.17 %
to any Court
DC Load Regulation CCM, closed loop, loyt=0A-20A, applies +0.12 %
to any Court
Programmable Constant On-Time
TonMIN) Minimum Programmable On-Time Ron = 6.98k, V| =22V 125 ns
Tone On-Time 2 Ron = 6.98k, V| = 12V 180 210 240 ns
f Corresponding to On-Time 2 Vout = 1.0V 430 490 575 kHz
Tons On-Time 3 Ron = 16.2k, Vi = 12V 375 445 515 ns
Minimum Off-Time 250 350 ns
Diode Emulation Mode
Zero Crossing Threshold DC value measured during test -1 mV
Soft-start
SS Charge Current -14 -10 -6 pA
SS Discharge Current Fault present 1 mA
VCC Linear Regulator
VN =6V to 22V, I oap = 0 to 30mA 4.8 5.0 5.2 Vv
VCC Output Voltage
Vin = 5V, I oap = 0 to 20mA 4.6 4.8 %
Power Good Output
Power Good Threshold -10 -75 -5 %
Power Good Hysteresis 2 4 %
Power Good Sink Current 1 mA
Protection: OCP, OTP, Short-Circuit
Hiccup Timeout 110 ms
ILIM Pin Source Current 45 50 55 A
ILIM Current Temperature Coefficient 0.4 %/°C
OCP Comparator Offset -8 0 +8 mV
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Parameter

Conditions

Current Limit Blanking GL rising>1V 100 ns

Thermal Shutdown Threshold" Rising temperature 150 °C

Thermal Hysteresis' 15 °C

VSCTH Feedback Pin Short-Circuit Percent of Vreg short circuit is active after 50 60 70 %

Threshold PGOOD is asserted
Output Power Stage

High-Side MOSFET Rpgon 8.2 10 mQ
Rpson Ipg = 2A

Low-Side MOSFET Rpgon 2.8 3.3 mQ
lout Maximum Output Current 20 A
L Output Inductance 0.45 0.56 0.67 uH
Cin Input Capacitance 1 uF
Cout Output Capacitance 22 uF
Cgst Bootstrap Capacitance 0.1 uF

Note 1: Guaranteed by design
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Pin Configuration, Top View
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Pin Assignments

Pin No. Pin Name Type Description
1 PGOOD oD, O Power-good output. This open-drain output is pulled low when Vg is outside the regulation.

2 FB A Feedback input to feedback comparator. Connect with a set of resistors to VOUT and AGND in
order to program VOUT.

3,71,72, AGND A Analog ground. Control circuitry of the IC is referenced to this pin. Should be connected to
AGND PAD PVIN at a single point.

4 VIN PWR Controller supply input. Provides power to internal LDO. Connect to PVIN

5 VCC PWR The output of LDO. Bypass with a 4.7uF capacitor to AGND. For operation from a 5V rail,
VCC should be tied to VIN.

6,7, GLPAD | GL (0] Driver output for Low-side N-channel synchronous MOSFET. It is internally connected to the
gate of the MOSFET. Leave these pins floating.

8 PGND PWR Controller low-side driver ground. Connect with a short trace to closest PGND pins or PGND
pad.

13-26, 57, PGND PWR Ground of the power stage. Should be connected to the system’s power ground plane.
58, PGND
PADS
9-12, 27-32, sSw PWR Switching node. It is internally connected. Use thermal vias and/or sufficient PCB land area in
SW PAD order to heatsink the low-side FET and the inductor.
33-56, VOUT PWR Output of the power stage. Place the output filter capacitors as close as possible to these pins.
VOUT PADS
59-66, PVIN | PVIN PWR Power stage input voltage. Place the input filter capacitors as close as possible to these pins.
PAD
67,68, BST | BST A Controller high-side driver supply pin. It is internally connected to SW via a 0.1uF bootstrap
PAD capacitor. Leave these pins floating.

69 ILIM A Over-current protection programming. Connect with a short trace to SW pins.

70 EN/MODE | Precision enable pin. Pulling this pin above 1.9V will turn the IC on and it will operate in Forced
CCM. If the voltage is raised above 3.0V, then the IC will operate in DCM or CCM depending
on load.

73 TON A Constant on-time programming pin. Connect with a resistor to AGND.

74 SS A Soft-start pin. Connect an external capacitor between SS and AGND to program the soft-start

rate based on the 10uA internal source current.

Type: A = Analog, | = Input, O = Output, I/O = Input/Output, PWR = Power, OD = Open-Drain
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Functional Block Diagram

VCC TON BST PVIN
r—————-- $+---——""—-""—"—-""—""-""—"—"—"—"—"==—— rF——————-— rFr——pkF———-—-
VCC UVLO I
| Enable LDO Switching |
4.25 V Enabled
VIN + LDO Cm |
| —J vee vee 1uF |
L
I T FB 0.6V I
) |
I 150 C * * PGND |
PGOOD + S |
ESR
emulation &
cs i $ 10uA DC correction VIN On-Time :
Cest
I 0.1 |
.1uF
I Switching Feedback T W
Enabled eechac >
: comparator GH |.H |
L
FB 18 5 lvour
| PGOOD comparator Dead
| Time vee C
Control Sl
| |[osssv—- ontro 2.2uF
|
| - ) Switching —
| Short-circuit detection Enabled GL ™ |
| 0.36 V. —+ —] Enable ) I
I - Hiccup PGNDI
Hiccup
[ Enable LDO Mode |
EN/ = N Enable LDO I
MODEI 1ov —- L . |
our
| consecutive OCP |
CCM or CCM/DCM I
| If 8 consecutive ZCD oce |
| v —| If1 nom2CD comparator A |
| Then exit DCM
| Zero Cross Detect GL I
| SW ———p»— I
| -2mV —- I
L - !
AGND ILIM PGND GL
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Typical Performance Characteristics

Unless otherwise noted: V| = 12V, Vou1=1.8V, loy1=20A, f=500kHz, Tp = 25°C. Schematic from the application information

section.
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Typical Performance Characteristics

Unless otherwise noted: V| = 12V, Voyt=1.2V, loyT=20A, f=500kHZz, T = 25°C. Schematic from the application information
section.
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Typical Performance Characteristics

Unless otherwise noted: V| = 12V, Voyt=1.2V, loyT=20A, f=500kHZz, T = 25°C. Schematic from the application information
section.
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Efficiency and Package Thermal Derating

Unless otherwise noted: Tapgient = 25°C, No Air flow, f=500kHz, Schematic from the application information section.
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Functional Description

XR79120 is a synchronous step-down proprietary emulated
current-mode Constant On-Time (COT) Module. The
on-time, which is programmed via Rgy, is inversely
proportional to V,y and maintains a nearly constant

frequency. The emulated current-mode control is stable
with ceramic output capacitors.

Each switching cycle begins with GH signal turning on the
high-side (switching) FET for a preprogrammed time. At the
end of the on-time, the high-side FET is turned off and the
low-side (synchronous) FET is turned on for a preset
minimum time (250ns nominal). This parameter is termed
Minimum Off-Time. After the minimum off-time, the voltage
at the feedback pin FB is compared to an internal voltage
ramp at the feedback comparator. When Vg drops below
the ramp voltage, the high-side FET is turned on and the
cycle repeats. This voltage ramp constitutes an emulated
current ramp and makes possible the use of ceramic
capacitors, in addition to other capacitor types, for output
filtering.

Enable/Mode Input (EN/MODE)

EN/MODE pin accepts a tri-level signal that is used to
control turn on/off. It also selects between two modes of
operation: ‘Forced CCM’ and ‘DCM/CCM: If EN is pulled
below 1.8V, the Module shuts down. A voltage between
2.0V and 2.8V selects the Forced CCM mode which will run
the Module in continuous conduction at all times. A voltage
higher than 3.1V selects the DCM/CCM mode which will
run the Module in discontinuous conduction at light loads.

Selecting the Forced CCM Mode

In order to set the Module to operate in Forced CCM, a
voltage between 2.0V and 2.8V must be applied to EN/
MODE. This can be achieved with an external control signal
that meets the above voltage requirement. Where an
external control is not available, the EN/MODE can be
derived from V|y. If V| is well regulated, use a resistor
divider and set the voltage to 2.5V. If V| varies over a
wide range, the circuit shown in Figure 25 can be used to
generate the required voltage. Note that at V| of 5V and
22V the nominal Zener voltage is 3.8V and 4.7V
respectively. Therefore for V| in the range of 4.5V to 22V,
the circuit shown in figure 25 will generate Vgy required for
Forced CCM.

Selecting the DCM/CCM Mode

In order to set the Module operation to DCM/CCM, a
voltage between 3.1V and 5.5V must be applied to
EN/MODE pin. If an external control signal is available, it
can be directly connected to EN/MODE. In applications
where an external control is not available, EN/MODE input

can be derived from Vy. If V|y is well regulated, use a
resistor divider and set the voltage to 4V. If V| varies over a

wide range, the circuit shown in Figure 26 can be used to
generate the required voltage.

Rz
10k

Zener i
MMSZ4685T1G or Equivalent

R1
0.1k, 1% EnMODE

>

Figure 25: Selecting Forced CCM
by deriving EN/MODE from V|

RZ
10k
\Y EN/MODE

EN >>

Zener i
MMSZ4685T 1G or Equivalent

Figure 26: Selecting DCM/CCM
by deriving EN/MODE from V|y
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Programming the On-Time

The On-Time Tpy is programmed via resistor Roy accord-
ing to following equation:

R [Ton—(30x10 %]
3.1x107°

RON

where Tgy is calculated from:

T - Vour
ON V|N X fX Eff

where:

f is the desired switching frequency at nominal Iyt

Eff is the Module efficiency corresponding to nominal lgyT
shown in Figures 19, 21, 23

Substituting for Ty in the first equation we get:

(M C[(25%10 %) x Vin]

B fx Efi

ON™

2.85x10 1°

Over-Current Protection (OCP)

If load current exceeds the programmed over-current, locp
for four consecutive switching cycles, then Module enters
hiccup mode of operation. In hiccup, the MOSFET gates
are turned off for 110ms (hiccup timeout). Following the hic-
cup timeout, a soft-start is attempted. If OCP persists, hic-
cup timeout will repeat. The Module will remain in hiccup
mode until load current is reduced below the programmed
locp - In order to program the over-current protection, use

the following equation:

_ (locp x RDS) + 8mV
RLIM Y]

Where:

RLIM is resistor value for programming locp

locp is the over-current threshold to be programmed

RDS is the MOSFET rated On Resistance (3.3mQ)
8mV is the OCP comparator maximum offset

ILIM is the internal current that generates the necessary
OCP comparator threshold (use 45pA).

Note that ILIM has a positive temperature coefficient of
0.4%/°C (Figure 9). This is meant to roughly match and
compensate for positive temperature coefficient of the
synchronous FET. Graph of typical lIocp versus RLIM is

shown in Figure 7.

Short-Circuit Protection (SCP)

If the output voltage drops below 60% of its programmed
value, the Module will enter hiccup mode. Hiccup will
persist until short-circuit is removed. SCP circuit becomes
active after PGOOD asserts high.

Over-Temperature (OTP)

OTP triggers at a nominal die temperature of 150°C. The
gate of switching FET and synchronous FET are turned off.
When die temperature cools down to 135°C, soft-start is
initiated and operation resumes.

Programming the Output Voltage

Use an external voltage divider as shown in the Application
Circuit to program the output voltage Voyr

_ VLUT_)
R1 sz(o.es

where R2 has a nominal value of 2kQ).

Programming the Soft-start

Place a capacitor CSS between the SS and AGND pins to
program the soft-start. In order to program a soft-start time
of TSS, calculate the required capacitance CSS from the
following equation:

CSS = TSS x (10(_’5‘\’/*)
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Feed-Forward Capacitor (CFF)

A feed-forward capacitor (Cgg) may be necessary
depending on the Equivalent Series Resistance (ESR) of
Cour: If only ceramic output capacitors are used for Coyt
then a Cgg is necessary. Calculate Cgg from:

1
2xnm xR1x7xfc

Crr =

where:

R1 is the resistor that Cgg is placed in parallel with
f_c is the frequency of output filter double-pole

fLc must be less than 13kHz when using ceramic Cqoyr. If
necessary, increase CoyT in order to meet this constraint.

When using capacitors with higher ESR, such as
PANASONIC TPE series, a Cgg is not required provided

following conditions are met:

1. The frequency of output filter LC double-pole f| ¢ should
be less than 10kHz.

2. The frequency of ESR Zero fz¢,, g Should be at least
three times larger than f ¢.

Note that if fzoogsp is less than 5xfig, then it is
recommended to set the f ¢ at less than 2kHz. Cgg is still
not required.

Maximum Allowable Voltage Ripple at FB Pin

Note that the steady-state voltage ripple at feedback pin FB
(VeB,RIPPLE) Must not exceed 50mV in order for the Module

to function correctly. If Veg gippLg is larger than 50mV the
Cout should be increased .as necessary in order to keep
the VFB, RIPPLE below 50mV.

Poor PCB layout can cause FET switching noise at the
output and may couple to the FB pin via Cgg Excessive

noise at FB will cause poor load regulation. To solve this
problem place a resistor Rgf in series with Crr Rpg value

up to 2% of R1 is acceptable.

Maximum Recommended VOUT versus Frequency

Vout Versus frequency curves corresponding to inductor

current ripple AIL of 10A, 8A and 6A are plotted in Figure
12. These curves show the relationship between Vgoyr, f

and AIL for V;y = 12V. As an example, for operating
conditions of V|5 = 12V, Vgyt = 1.5V and f = 500KHz, the
current ripple is about 6.5A. Note that maximum
recommended peak-to-peak AIL is 10A. Therefore the
maximum permissible Vgt versus f corresponds to the top
curve in Figure 12. For example with V| = 12V and f =
500KHz maximum, Vot is 2.5V.
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Application Circuit
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Mechanical Dimensions
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Recommended Land Pattern and Stencil
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Ordering Information(?)

Part Number Operating Temperature Range Lead-Free Package Packaging Method
XR79120EL-F -40°C to +125°C Yes@ 12 x14mm QFN Tray
XR79120EVB XR79120 Evaluation Board

NOTES:

1. Refer to www.exar.com/XR79120 for most up-to-date Ordering Information.
2. Visit www.exar.com for additional information on Environmental Rating.

Revision History

Revision Description
1A March 2015 ECN 1512-02
1B June 2018 Update to MaxLinear logo. Update format and Ordering Information.
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




