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ZSPM4521

High-Efficiency Charger for Li-lon Batteries with Photovoltaic Sources

Brief Description

The ZSPM4521 is a DC/DC synchronous switching
lithium-ion (Li-lon) battery charger with fully inte-
grated power switches, internal compensation, and
full fault protection. It uses a temperature-indepen-
dent photovoltaic maximum power point tracking
(MPPT) function to optimize power output from the
source during Full-Charge Constant-Current (CC)
Mode. Its switching frequency of 1MHz enables the
use of small filter components, resulting in smaller
board space and reduced bill-of material costs.

During Full-Charge Constant-Current Mode, the duty
cycle is controlled by the MPPT regulator. Once the
battery’s termination voltage is reached, the regula-
tor operates in Constant Voltage Mode. In this mode,
the ZSPM4521 modulates the charging current until
the battery reaches full charge. When the regulator
is disabled (the EN pin is low), the device draws
10pA (typical) quiescent current (Disabled Mode).

The ZSPM4521 includes supervisory reporting
through the NFLT (inverted fault) open-drain output
to interface other components in the system. Device
programming is achieved by an [RC™* interface
through the SCL and SDA pins.

Benefits

« Up to 1.5A of continuous output current in Full-
Charge Constant Current (CC) Mode

« High efficiency — up to 92% with typical loads

Available Support
« Evaluation Kit

Z Mmool

The Analog Mixed Signal Company

Features

« Temperature-independent photovoltaic maximum
power tracking (MPPT) regulator

« VBAT reverse-current blocking

« Programmable temperature-compensated
termination voltage: 3.94V to 4.18V + 1%

¢ User programmable maximum charge current:
50mA to 1500mA

e Supervisor for Vgt reported at the NFLT pin
« Input supply under-voltage lockout

« Full protection for VBAT over-current, over-
temperature, VBAT over-voltage, and charging
timeout

« Charge status indication
. I’C™ program interface with EEPROM registers

Related ZMDI Smart Power Products
e« ZSPM4523 DC/DC Synchronous Switching

Super Capacitor Charger With MPPT Regulator
e ZSPM4551 High-Efficiency Li-lon Battery Charger
¢ ZSPM4121 Ultra-low Power Under-Voltage Switch
e ZSPM4141 Ultra-Low-Power Linear Regulator

Physical Characteristics

« Wide input voltage range: 4.0V to 7.2V
« Junction operating temperature: -40°C to 125°C
« Package: 16-pin PQFN (4mm x 4mm)

ZSPM4521 Application Circuit
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For more information, contact ZMDI via analog@zmdi.com.
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Ordering Information

Ordering Code Description Package
ZSPM4521AA1IW ZSPM4521 High Efficiency Li-lon Battery Charger for 16-pin PQFN / 7” Reel (1000 parts)
Photovoltaic Sources
ZSPM4521AA1R ZSPM4521 High Efficiency Li-lon Battery Charger for 16-pin PQFN / 13” Reel (3300 parts)
Photovoltaic Sources
ZSPM4521KIT ZSPM4521 Evaluation Kit Kit
Sales and Further Information www.zmdi.com SPM@zmdi.com
Zentrum Mikroelektronik ZMD America, Inc. Zentrum Mikroelektronik ZMD FAR EAST, Ltd. Zentrum Mikroelektronik
Dresden AG 1525 McCarthy Blvd., #212 Dresden AG, Japan Office 3F, No. 51, Sec. 2, Dresden AG, Korea Office
Global Headquarters Milpitas, CA 95035-7453 2nd Floor, Shinbashi Tokyu Bldg. | Keelung Road U-space 1 Building
Grenzstrasse 28 USA 4-21-3, Shinbashi, Minato-ku 11052 Taipei 11th Floor, Unit JA-1102
01109 Dresden, Germany Tokyo, 105-0004 Taiwan 670 Sampyeong-dong
Central Office: USA Phone 1.855.275.9634 | Japan Bundang-gu, Seongnam-si
Phone +49.351.8822.306 Phone +1.408.883.6310 Phone +81.3.6895.7410 Phone +886.2.2377.8189 Eye"”gg"d"’ 463-400
Fax +49.351.8822.337 Fax  +1.408.883.6358 Fax  +81.3.6895.7301 Fax +886.2.2377.8199 | "orea
Phone +82.31.950.7679
Fax +82.504.841.3026

European Technical Support DISCLAIMER: This information applies to a product under development. Its characteristics and specifications are subject to change without notice.

Phone +49.351.8822.7.772 Zentrum Mikroelektronik Dresden AG (ZMD AG) assumes no obligation regarding future manufacture unless otherwise agreed to in writing. The
Fax +49.351.8822.87.772 information furnished hereby is believed to be true and accurate. However, under no circumstances shall ZMD AG be liable to any customer,

. . = licensee, or any other third party for any special, indirect, incidental, or consequential damages of any kind or nature whatsoever arising out of or
European Sales (Stuttgart) in any way related to the furnishing, performance, or use of this technical data. ZMD AG hereby expressly disclaims any liability of ZMD AG to any
Phone +49.711.674517.55 customer, licensee or any other third party, and any such customer, licensee and any other third party hereby waives any liability of ZMD AG for
Fax +49.711.674517.87955 any damages in connection with or arising out of the furnishing, performance or use of this technical data, whether based on contract, warranty,

tort (including negligence), strict liability, or otherwise.
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1 ZSPM4521 Characteristics

Important; Stresses beyond those listed under “Absolute Maximum Ratings” (section 1.1) may cause permanent
damage to the device. These are stress ratings only, and functional operation of the device at these or any other
conditions beyond those indicated under “Recommended Operating Conditions” is not implied. Exposure to

absolute—maximum-rated conditions for extended periods may affect device reliability.

1.1. Absolute Maximum Ratings

Over operating free—air temperature range unless otherwise noted.

Table 1.1 Absolute Maximum Ratings
Parameter valueV Unit
VIN, EN, NFLT, SCL, SDA, VTHERM, VTH_REF, VBAT, VSENSE -0.3t0 8 \%
SW -1t0 8.8 \Y
VDD -0.3t03.6 Y,
Operating Junction Temperature Range, T, -40to 125 °C
Storage Temperature Range, Tstor -65 to 150 °C
Electrostatic Discharge — Human Body Model 2 +2k \%
Electrostatic Discharge — Machine Model 2 +/-200 \%
Lead Temperature (soldering, 10 seconds) 260 °C
1) All voltage values are with respect to network ground terminal.
2) ESD testing is performed according to the respective JESD22 JEDEC standard.
1.2. Thermal Characteristics
Table 1.2 Thermal Characteristics
Parameter Symbol value ? Unit
Thermal Resistance Junction to Air ” 0sa 50 °C/W
1) Assumes a 4x4mm QFN-16 in 1 in? area of 2 oz. copper and 25°C ambient temperature.
Data Sheet © 2014 Zentrum Mikroelektronik Dresden AG — Rev. 1.01
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1.3. Recommended Operating Conditions

Table 1.3 Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit

Photovoltaic Input Operating Voltage at VIN Pin VN 4.0 5.3 7.2 \%
Sense Resistor Rsense 50 mQ
Output Filter Inductor Typical Value ¥ Lout 4.7 uH
Output Filter Capacitor Typical Value 2 Cout 4.7 uF
Output Filter Capacitor ESR Cour-esr 100 mQ
Input Supply Bypass Capacitor Value 3 Cin 3.3 10 uUF
VDD Supply Bypass Capacitor Value 2 Cvbp 70 100 130 nF
Operating Free Air Temperature Ta -40 85 °C
Operating Junction Temperature T, -40 125 °C
1) For best performance, use an inductor with a saturation current rating higher than the maximum Vgar load requirement plus the

inductor current ripple.
2) For best performance, use a low ESR ceramic capacitor.
3) For best performance, use a low ESR ceramic capacitor. If Cjy is not a low ESR ceramic capacitor, add a 0.1pF ceramic capacitor in

parallel to Cy.

1.4. Electrical Characteristics

Electrical characteristics T; = -40°C to 125°C, VIN = 5.3V, (unless otherwise noted)

Table 1.4 Electrical Characteristics

Parameter Symbol Condition | Min | Typ ‘ Max | Unit

VIN Supply Voltage

Photovoltaic Voltage Input ViN 4 5.3 7.2 \%

Quiescent Current lccnorm | lLoap = OA, no switching 3 mA
Normal Mode EN > 2.2V (HIGH)

Quiescent Current lcc-oisasie | EN =0V 10 50 HA

Disabled Mode
VBAT Leakage

Leakage Current From IBAT-LEAK EN = 0V, Vygar = 4.1V 10 HA
Battery
Reverse Current IgAT-BACK Vveat> VIN, Vvear = 4.1V, 10 [,lA
Tj < 85°C
Data Sheet © 2014 Zentrum Mikroelektronik Dresden AG — Rev. 1.01
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Parameter ‘Symbol l Condition | Min | Typ ‘ Max | Unit
VIN Under-Voltage Lockout
Input Supply Under-Voltage ViN-uv V\n increasing 3.15 \
Threshold
Input Supply Under-Voltage VIN-UV_HYST 100 200 mV
Threshold Hysteresis
osC
Oscillator Frequency ‘ fosc ‘ ‘ 0.9 ‘ 1 ‘ 1.1 | MHz

NFLT Open Drain Output

High-Level Output Leakage lOH-NFLT VNELT = 5.3V 0.1 HA

Low-Level Output Voltage VoL-NFLT InFLT = -1MA 0.4 \%
EN/SCL/SDA Input Voltage Thresholds

High Level Input Voltage ViH 2.2 \%
Low Level Input Voltage Vi 0.8 \%
Input Hysteresis— EN, SCL, VhysT 200 mV
SDA Pins

Ven=VIN 0.1 MA
Input Leakage — EN Pin liN-EN

Ven=0V -2.0 MA

Vsc=VIN 55 HA
Input Leakage — SCL Pin liN-scL

Vsc=0V -0.1 HA

) Vspa=VIN 0.1 MA

Input Leakage — SDA Pin TIVEYN

Vspa=0V -0.1 HA
Low-Level Output Voltage VoL-spa Ispa = -1mA 0.4 \%

Thermal Shutdown

Thermal Shutdown Junction Tsp 150 170 °C
Temperature
TSD Hysteresis Tsp-nyst 10 °C

Pre-Charge End

Pre-charge Voltage VpRrecHG 2.9 3.0 3.1 \%
Threshold

Pre-charge Voltage Vpc-HysT 70 mV
Hysteresis

Charge Restart

Voltage Below Termination VRESTART 100 mV
for Charging Restart

Data Sheet © 2014 Zentrum Mikroelektronik Dresden AG — Rev. 1.01

All rights reserved. The material contained herein may not be reproduced, adapted, merged, translated, stored, or used without the 8 Of 31
October 3, 2014 prior written consent of the copyright owner. The information furnished in this publication is subject to changes without notice.




Z Mol

The Analog Mixed Signal Company

ZSPM4521

High-Efficiency Charger for Li-lon Batteries with Photovoltaic Sources

Parameter | Symbol l Condition Min Typ ‘ Max | Unit
Charging Regulator with Loyr=4.7pH and Cour=4.7uF
Output Current Limit IgaT-FC IgaT IS user programmable; IgaT - lgaT lgaT + A
Tolerance in Full-Charge see Table 2.5. 10% 10%
Mode
Termination Voltage VBaT-TO lche = 0.1C, 0°C < Tj < 85°C VBT - VeaT VeaT + V
Tolerance in Top-Off Mode VeaT iS user programmable: 1% 1%

see section 2.4.
Top-Off Mode Time Out tro 0 120 Minutes
Full-Charge Timer trc 200 1400 | Minutes
Timer Accuracy tacc -10% +10%
High Side (HS) Switch On Isw = -1A, T;=25°C 200 mQ
Resistance
- - Robson
Low Side (LS) Switch On Isw = 1A, T;=25°C 250 mQ
Resistance
Maximum Output Current lgat 15 A
Over-Current Detection locp HS switch current 25 A
0, 0, 0,
Vear Over-Voltage Threshold VeaT-0v 101% 102% 103% v
Vear Veat Veat
Maximum Duty Cycle DUTY max 98 %
Thermistor
VTH_REF OUtpUt Voltage VVTH_REF |VT_REF = 2[.1A to lOOI.lA 1.8 ‘ | Vv
Thermistor: 10kQ Temperature Thresholds — f=3434K
0°C VTHERM Threshold 0°C Decreasing Temperature 75.6 %VTH_REF
(0°C)
0°C VTHERM Threshold with 0°Chyst Increasing Temperature 66.5 %VTH_REF
Hysteresis (10°C)
10°C VTHERM Threshold 10°C Decreasing Temperature 66.2 %VTH_REF
(10°C)
10°C VTHERM Threshold 10°Cuyst | Increasing Temperature 65.4 %VTH_REF
with Hysteresis (11°C)
45°C VTHERM Threshold 45°C Increasing Temperature 34.5 %VTH_REF
(45°C)
45°C VTHERM Threshold 45°Chyst | Decreasing Temperature 35.3 %VTH_REF
with Hysteresis (44°C)
50°C VTHERM Threshold 50°C Increasing Temperature 30.8 %VTH_REF
(50°C)
Data Sheet © 2014 Zentrum Mikroelektronik Dresden AG — Rev. 1.01
All rights reserved. The material contained herein may not be reproduced, adapted, merged, translated, stored, or used without the 9 Of 31
October 3, 2014 prior written consent of the copyright owner. The information furnished in this publication is subject to changes without notice.




ZSPM4521 Z MDDl

High-Efficiency Charger for Li-lon Batteries with Photovoltaic Sources The Analog Mixed Signal Company

Parameter Symbol Condition Min Typ Max Unit
50°C VTHERM Threshold 50°Chyst | Decreasing Temperature 315 %VTH_REF
with Hysteresis (49°C)
60°C VTHERM Threshold 60°C Increasing Temperature 24.9 %VTH_REF
(60°C)
60°C VTHERM Threshold 60°Chyst | Decreasing Temperature 30.8 %VTH_REF
with Hysteresis (50°C)

Thermistor: 100KQ Temperature Thresholds — 3=4311K

0°C VTHERM Threshold 0°C Decreasing Temperature 80.5 %VTH_REF
(0°C)

0°C VTHERM Threshold with 0°Chyst Increasing Temperature 69.8 %VTH_REF
Hysteresis (10°C)

10°C VTHERM Threshold 10°C Decreasing Temperature 69.8 %VTH_REF
(10°C)

10°C VTHERM Threshold 10°Cuyst | Increasing Temperature 68.6 %VTH_REF
with Hysteresis (11°C)

45°C VTHERM Threshold 45°C Increasing Temperature 313 %VTH_REF
(45°C)

45°C VTHERM Threshold 45°Chyst | Decreasing Temperature 323 %VTH_REF
with Hysteresis (44°C)

50°C VTHERM Threshold 50°C Increasing Temperature 27.0 %VTH_REF
(50°C)

50°C VTHERM Threshold 50°Chyst | Decreasing Temperature 27.8 %VTH_REF
with Hysteresis (49°C)

60°C VTHERM Threshold 60°C Increasing Temperature 19.4 %VTH_REF
(60°C)

60°C VTHERM Threshold 60°Chyst | Decreasing Temperature 27.0 %VTH_REF
with Hysteresis (50°C)
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1.5. I’C™ |nterface Timing Requirements

Electrical characteristics T; = -40°C to 125°C, VIN = 5.3V. See Figure 2.5 for an illustration of the timing specifica-
tions given in Table 1.5.

Table 1.5 I’C™ Interface Timing Characteristics
Standard Mode Fast Mode _
Parameter Symbol - - Unit
Min Max Min Max
I’C™ Clock Frequency fsal 0 100 0 400 kHz
[’C™ Clock High Time tsch 4 0.6 Hs
I’C™ Clock Low Time tscl 47 1.3 Hs
I°’C™ Tolerable Spike Time ? tsp 0 50 0 50 ns
I°C™ Serial Data Setup Time tsds 250 250 ns
I’C™ Serial Data Hold Time tsdn 0 0 Hs
I’C™ Input Rise Time ? tier 1000 300 ns
I’C™ Input Fall Time % tics 300 300 ns
[>’c™ Output Fall Time; 10pF to toct 300 300 ns
400pF Bus ?
I°C™ Bus Free Time Between Stop tous 47 1.3 Hs
and Start
[>’C™ Start or Repeated Start Condition tsts 4.7 0.6 us
Setup Time
I’C™ Start or Repeated Start Condition tsth 4 0.6 Us
Hold Time
[2cm™ Stop Condition Setup Time 2 tsps 4 0.6 us
1) The I2C™ interface will operate in either standard or fast mode.
2) Parameter not tested in production.
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ZSPM4521

High-Efficiency Charger for Li-lon Batteries with Photovoltaic Sources

2

Functional Description

The ZSPM4521 is a fully-integrated Li-lon battery charger IC based on a highly-efficient switching topology. It
includes a maximum power point tracking (MPPT) function to optimize its input voltage in order to extract the
maximum possible power from photovoltaic (PV) cells. It is configurable for termination voltage, charge current,
and additional variables to allow optimum charging conditions for a wide range of Li-lon batteries. A 1MHz internal
switching frequency facilitates low-cost LC filter combinations. Figure 2.1 provides a block diagram.

When the battery voltage is below 3.0V, the ZSPM4521 enters a pre-charge state and applies a small,
programmable charge current to safely charge the battery to a level for which full-charge current can be applied.
Once the Full-Charge Mode has been initiated, the ZSPM4521 will maximize available charge current to the
battery by adjusting its duty cycle to regulate its input voltage to the MPP voltage of the photovoltaic (PV) cell. If
sufficient current is available from the PV cell to exceed the safe 1C charge rate of the battery, then the program-
mable 1C current limit function will take precedence over the MPPT control function and the PV cell voltage will
rise above the MPP value.

Figure 2.1  ZSPM4521 Block Diagram
‘ Photovoltaic
NFLT EN Jj\n N J_ Cells
[ Crn T
b VIN = 1
ZSPM4521 SCL [
|2CT™* |
Interface |
MONITOR SDA :
& Over- !
| CONTROL b votage | o -
hd Protection VTH REF
. 1 _
Oscillator BATT Thermal Jt
Control Rrer
Ramp MM L]
Generator BATT Current % VBAT VTHERM
Control -~
: T
Vref
& Gate E Backgate
Drive Blocking
: G e L e e
1 |
+
—L Cour : + |
= | - RTHMI
Comparator Gate I | |
Error Amp Driv PGND = JI
Compensation VIN =
Network T
MPP & Current
” VDD Reguiator Control _I i VSENSE
] ] - VBAT
VDD GND
I C\/DD 2 .
L *I°C™ is a trademark of NXP.
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When the battery voltage has increased enough to go into maintenance mode, the PWM control loop will force a
constant voltage across the battery. Once in Constant Voltage Mode, current is monitored to determine when the
battery is fully charged. See Figure 2.2 for a diagram of the charging states.

The regulation voltage as well as the 1C charging current can be set to change based on the battery temperature.
There are four temperature ranges for which the regulation voltage can be set independently: 0°C to 10°C, 10°C
to 45°C, 45°C to 50°C, and 50°C to 60°C. The ZSPM4521 will stop charging if the temperature passes the
descending temperature threshold at 0°C or the ascending threshold at 60°C. These thresholds have 10 degrees
of hysteresis. The intermediate points have 1 degree of hysteresis.

2.1. Internal Protection

2.1.1.  VIN Under-Voltage Lockout

The device is held in the off state until the EN pin voltage is HIGH (> 2.2V) and VIN reaches 3.15V (typical). There
is a 200mV hysteresis on this input, which requires the input to fall below 2.95V (typical) before the device will
disable.

2.1.2. Internal Current Limit

The current through the inductor Loyt is sensed on a cycle-by-cycle basis and if the current limit (locp; see sec-
tion 1.4) is reached, the ZSPM4521 will abbreviate the cycle. The current limit is always active when the regulator
is enabled.

2.1.3. Thermal Shutdown

If the junction temperature of the ZSPM4521 exceeds 170°C (typical), the SW output will tri-state to protect the
device from damage. The NFLT and all other protection circuitry will stay active to inform the system of the failure
mode. Once the device cools to 160°C (typical), the device will attempt to start up again. If the device reaches
170°C, the shutdown/restart sequence will repeat.

2.1.4. VBAT Over-Voltage Protection

The ZSPM4521 has a battery protection circuit designed to shut down the charging profile if the battery voltage is
greater than the termination voltage. The termination voltage can change based on user programming, so the
protection threshold is set to 2% above the termination voltage. Shutting down the charging profile puts the
ZSPM4521 in a fault condition.
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2.2.  Fault Handling

2.2.1. NFLT Pin Functionality

In the event of a battery over-voltage, the battery temperature being outside of the safe charging range, or the full
charge timer expiring, charging stops and the NFLT pin is pulled low. When the fault condition is no longer
present, the device will enter the INITIALIZE state (see Figure 2.2), but the NFLT pin will remain low until the
STATUS register (004eyx) is read (see Table 2.2). When the STATUS register is read, the NFLT pin will go high
until a new fault is detected.

2.2.2. Other Faults

When an open thermistor, thermal shutdown, VIN under-voltage, or top-off time-out are detected, charging
immediately stops and the corresponding bit in the STATUS register (00ex) is set. The device will enter the
INITIALIZE state until the fault is no longer detected.
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Figure 2.2  Charging State Diagram
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2.3. Serial Interface

The ZSPM4521 features an I°C™ slave interface that offers advanced control and diagnostic features. It supports
standard and fast mode data rates and auto-sequencing, and it is compliant to 1°C™ standard version 3.0.

I°C™ operation offers configuration control for termination voltages, charge currents, and charge timeouts. This
configurability allows optimum charging conditions in a wide range of Li-lon batteries. °C™ operation also offers
fault and warning indicators. Whenever a fault is detected, the associated status bit in the STATUS register is set
and the NFLT pin is pulled low. Whenever a warning is detected, the associated status bit in the STATUS register
is set, but the NFLT pin is not pulled low. Reading the STATUS register resets the fault and warning status bits,
and the NFLT pin is released after all fault status bits have been reset.

2.3.1. I°C™ Subaddress Definition

Figure 2.3  Subaddress in I’°C™ Transmission

Slave Adress + R/nW Subaddress Data

[stat [ G3 [ G2 [ 61 [ ao | a2 | a1 | a0 [Rfnw]|Ack| s7 [ s6 [ s5s [ sa | s3 [ s2 [ s1 | so [ack| 7 [ 6| ps | pa[ o3| p2] o1 oo ack|stop

Start - Start Condition ACK - Acknowledge
G[3:0] - Group ID: address fixed at 1001gy S[7:0] - Subaddress: defined per the address register map
A[2:0] - Device ID: address fixed at 000gy D[7:0] - Data: data to be transmitted with device

R/nW - Read / not Write Select Bit Stop - Stop Condition

2.3.2.  I’C™ Bus Operation

The ZSPM4521’s I°C™ is a two-wire serial interface; the two lines are serial clock (SCL) and serial data (SDA)
(see Figure 2.4). SDA must be connected to a positive supply (e.g., the VDD pin) through an external pull-up
resistor. The devices communicating on this bus can drive the SDA line low or release it to high impedance. To
ensure proper operation, setup and hold times must be met (see Table 1.5). The device that initiates the 1°C™
transaction becomes the master of the bus.

Communication is initiated by the master sending a START condition, which is a high-to-low transition on SDA
while the SCL line is high. After the START condition, the device address byte is sent, most significant bit (MSB)
first, including the data direction bit (read = 1; write = 0). After receiving the valid address byte, the device
responds with an acknowledge (ACK). An ACK is a low on SDA during the high of the ACK-related clock pulse.
On the I°C™ bus, during each clock pulse, only one data bit is transferred. The data on the SDA line must remain
stable during the high pulse of the clock period, as changes in the data line at this time are interpreted as START
or STOP control conditions. A low-to-high transition on SDA while the SCL input is high indicates a STOP
condition and is sent by the master.
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Any number of data bytes can be transferred from the transmitter to receiver between the START and the STOP
conditions. Each byte of eight bits is followed by one ACK bit from the receiver. The SDA line must be released by
the transmitter before the receiver can send an ACK bit. The receiver that acknowledges must pull down the SDA
line during the ACK clock pulse, so that the SDA line is stable low during the high pulse of the ACK-related clock
period. When a slave receiver is addressed, it must generate an ACK after each byte is received. Similarly, the
master must generate an ACK after each byte that it receives from the slave transmitter. An end of data is
signaled by the master receiver to the slave transmitter by not generating an acknowledge after the last byte has
been clocked out of the slave. This is done by the master receiver by holding the SDA line high. The transmitter
must then release the data line to enable the master to generate a STOP condition.

Figure 2.4  1°C™ Start / Stop Protocol
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See Table 1.5 for the definitions and specifications for the timing parameters labeled in Figure 2.5.

Figure 2.5 I°C™ Data Transmission Timing
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2.4. Status and Configuration Registers

Table 2.1 Register Descriptions (Device Address = 48uex)

Register Address Name Default Description
0 00wEx STATUS 00wEex Status bit register
1 N/A N/A N/A Register not implemented
2 02HEx CONFIG1Y EEPROM Configuration register
3 03Hex CONFIG2Y EEPROM Configuration register
4 04hex CONFIG3Y EEPROM Configuration register
5 05HEX CONFIG4 Y EEPROM Configuration register
6 061ExX CONFIG5 " EEPROM Configuration register
7-16 N/A N/A N/A Registers not implemented

17 11Hex CONFIG_ENABLE 00HEX Enable configuration register access
18 124ex EEPROM_CTRLY 00hex EEPROM control register

1) CONFIGx and EEPROM_CTRL registers are only accessible when the CONFIG_ENABLE register is written with the EN_CFG bit
set to 1 (see Table 2.8).

Table 2.2 STATUS Register—Address 00nex
Note: All of the STATUS register bits are READ-only.

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO

FIELD NAME BATT_OV 1C_TO TEMP_OC | TEMP_60C TSD TOP_TO VIN_UV TH_OPEN
FIELD NAME BIT DEFINITION

BATT_OV VBAT over-voltage.

1C_TO Full charge timer has timed out.

TEMP_OC Thermistor indicates battery temperature < 0°C.

TEMP_60C Thermistor indicates battery temperature > 60°C.

TSD Thermal shutdown.

TOP_TO Top-off timer has timed out.

VIN_UV VIN under-voltage.

TH_OPEN Thermistor open (battery not present).

1) Faults are defined as BATT_OV, 1C_TO, TEMP_O0C, and TEMP_60C. Warnings are defined as TSD, TOP_TO, VIN_UV, and
TH_OPEN. Faults cause the NFLT pin to be pulled low. Warnings do not cause the NFLT pin to be pulled low. All status bits are
cleared after STATUS register read access. The NFLT pin will go to high impedance (open-drain output) after the STATUS register
has been read and all status bits have been reset.
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Table 2.3 Configuration Register CONFIG1—Address 02nex
Note: All of the CONFIGL1 register bits are READ/WRITE.
DATA BIT D7 D6 D5 D3 D2 D1 DO
FIELD NAME PRE_CHRG[1:0] V_TERM_0_10[2:0] V_TERM_10_45[2:0]
FIELD NAME BIT DEFINITION
PRE_CHRGJ1:0] b Pre-charging configuration 00gin — 50mMA
Olgn — 100mMA
10gn — 185mA
11gn — 370mA
V_TERM_0_10[2:0]? Voltage termination:
0-10°C configuration 0008 — 3.94V 100en — 4.12V
001gn — 4.00V 101N — 4.15V
V_TERM_10_45[2:0]? Voltage termination: 010gin — 4.05V 110gin — 4.18V
10-45°C configuration 011g — 4.10V 111pn — Invalid setting

1) PRE_CHRG Note: Maximum output current when Vgar < 3.0V.

2) V_TERM Note: There are separate settings for battery temperatures 0-10°C, 10-45°C, 45-50°C , and 50-60°C (see Table 2.4 for
45-50°C and 50-60°C). For <0°C and >60°C, charging is disabled and a fault is set.

Table 2.4

Configuration Register CONFIG2—Address 03xex

Note: All of the CONFIG2 register bits are READ/WRITE.

DATA BIT D7 D6 D5 D3 D2 D1 DO
FIELD NAME EOC[1:0] V_TERM_45_50[2:0] V_TERM_50_60[2:0]
FIELD NAME BIT DEFINITION
EOC[1:0] 2 End of charge configuration 00gin — 50mA
0lgin — 100mMA
lOB|N —185mA
11gn — 370mA
V_TERM_45_50[2:0] ? Voltage termination:
45-50°C configuration 000ei — 3.94V 100en —4.12V
001gin — 4.00V 101gn — 4.15V
V_TERM_50_60[2:0] ? Voltage termination: 010s — 4.05V 110gin — 4.18V
011gn —4.10V 111gn — Invalid setting

50-60°C configuration

1) EOC Note: Maximum output current when Vgar > 3.0V.

2) V_TERM Note: There are separate settings for battery temperatures 0-10°C, 10-45°C, 45-50°C , and 50-60°C
(see Table 2.3 for 0-10°C and 10-45°C). For <0°C and >60°C, charging is disabled and a fault is set.
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Table 2.5 Configuration Register CONFIG3—Address 04nex

Note: All of the CONFIG3 register bits are READ/WRITE.

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME MAX_CHRG_CURR_0_10[3:0] MAX_CHRG_CURR_10_45[3:0]
FIELD NAME BIT DEFINITION

MAX_CHRG_CURR_0_10[3:0] !

Maximum charge current:
0-10°C configuration

MAX_CHRG_CURR_10_45[3:0] ”

Maximum charge current;
10-45°C configuration

0000gin — 50mA

0001lgin — 100mA
0010gny — 200mA
0011lginy — 300mA
0100gny — 400mA
0101gn — 500mA
0110gn — 600MA
0111gn — 700mA

1000gn — 800mA

1001gn — 900mA

1010gn — 1000mMA
1011gn — 1100mA
1100gn — 1200mA
1101gn — 1300mA
1110gn — 1400mA
1111gn — 1500mA

1) MAX_CHRG_CURR Note: There are separate settings for battery temperatures 0-10°C, 10-45°C, 45-50°C, and 50-60°C (see Table
2.6 for 45-50°C and 50-60°C). For <0°C and >60°C, charging is disabled and a fault is set.

Table 2.6 Configuration Register CONFIG4—Address 05xex

Note: All of the CONFIG4 register bits are READ/WRITE.

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME MAX_CHRG_CURR_45_50[3:0] MAX_CHRG_CURR_50_60[3:0]
FIELD NAME BIT DEFINITION

MAX_CHRG_CURR_45_50[3:0]”

Maximum charge current:
45-50°C configuration

MAX_CHRG_CURR_50_60[3:0]”

Maximum charge current:
50-60°C configuration

0000g N — 50mA

0001gin — 100mA
0010y — 200mMA
0011gin — 300mA
0100gin —400mA
0101gn — 500mMA
0110gn — 600MA
0111gn—700mA

1000gn — 800mMA

1001gn — 900mA

1010gn — 1000mMA
1011gn — 1100mA
1100gn — 1200mA
1101gn — 1300mA
1110gn — 1400mA
1111gn — 1500mA

1) MAX_CHRG_CURR Note: There are separate settings for battery temperatures 0-10°C, 10-45°C, 45-50°C, and 50-60°C

(see Table 2.5 for 0-10°C and 10-45°C). For <0°C and >60°C, charging is disabled and a fault is set.
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Table 2.7 Configuration Register CONFIG5—Address 06nex

Note: All of the CONFIGS register bits are READ/WRITE.

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME | TOP_END TH TOP_TO[2:0] 1C_TO[2:0]
FIELD NAME BIT DEFINITION
TOP_END b Top-off end configuration
Ogin — 25mA
1ein — 92mMA
TH? Thermistor configuration
OBIN - 10kQ
1gin — 100kQ
TOP_TO[2:0] 3 Top off timer time out configuration

000gn — 0 minutes

001gNy — 20 minutes

010gn — 40 minutes

011gNy — 60 minutes

100gin — 80 minutes

101gn — 100 minutes

110gin — 120 minutes

111gn — Disable time out timer

1C_TO[2:0] 4 Full charge timer time out configuration
000gn — Disable full charge timer
001gin — 200 minutes

010gin — 400 minutes

011gn — 600 minutes

100gny — 800 minutes

101gn — 1000 minutes

110gn — 1200 minutes

111gn — 1400 minutes

1) TOP_END Note: Charging stops when Vygar = Vrermination @nd lour < TOP_END
2) TH Note: Setting for nominal thermistor and reference resistor value.

3) TOP_TO Note: Timer starts when Vygar = Vrermination @nd loyr < EOC.

4) 1C_TO Note: Timer starts when Vygar > 3.0V.
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Table 2.8 Enable Configuration Register CONFIG_ENABLE—Address 11nex

Note: The reset value for all of the CONFIG_ENABLE register bits is 0.

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME Not used Not used Not used Not used Not used Not used Not used EN_CFG
READ/WRITE R R R R R R R R/W
FIELD NAME BIT DEFINITION
EN_CFG Enable-access control bit for configuration registers CONFIG1 through CONFIG5
(addresses 02pex to 061Ex)
Oesin — Disable access
1lgin — Enable access

Table 2.9 EEPROM Control Register EEPROM_CTRL—Address 12uex
Note: The reset value for all of the EEPROM_CTRL register bits is 0.

DATA BIT D7 D6 D5 D4 D3 D2 D1 DO
FIELD NAME Not used Not used Not used Not used Not used Not used Notused | EE_PROG
READ/WRITE R R R R R R R R/W
FIELD NAME BIT DEFINITION

EE_PROG” EEPROM program control bit for configuration registers CONFIG1 through CONFIG5

(addresses 024ex t0 061Eex)
Ogin — Disable EEPROM programming

len— Enable EEPROM programming with data from configuration registers
CONFIG1 through CONFIG5 (addresses 02nex to 064ex)

1) EE_PROG Note: Inputs VIN and EN must be present for 200ms.
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3 Application Circuits

3.1. Typical Application Circuit

Figure 3.1  Typical Application Circuit for Charging a Lithium-lon Battery via Photovoltaic Cells

ZSPM4521
Photovoltaic (Eells _
l VIN VTH_REF
CIN LRREF
T VTHERM
hd GND
T Cvop Lout Rsense Batter
- IIH|— VDD SW _va\_”_\/\ i y
ICOUT __+ < Rom
VDD >——1 SCL VSENSE 1 T
RpuLLup
(optional)
L SDA VBAT = =
VDD
RF’ULLUP
>_ EN NELT _{ (optional)
PGND
L

3.2. Selection of External Components

Note that the internal compensation is optimized for a 4.7uF output capacitor (Coyt) and a 4.7pH output inductor
(Lout). Table 1.3 provides recommended ranges for most of the following components.

3.2.1. Cout Output Capacitor

To keep the output ripple low, a low ESR (less than 35mQ) ceramic capacitor is recommended for the 4.7uF
output filter capacitor. The ESR should not exceed 100mQ.

3.2.2. Lout Output Inductor

For best performance, an inductor with a saturation current rating higher than the maximum Vg load requirement
plus the inductor current ripple should be used for the 4.7uH output filter inductor.

3.2.3. Ciy Bypass Capacitor for Input from Photovoltaic Source

For best performance, a low ESR ceramic capacitor should be used for the 10uF input supply bypass capacitor. If
it is not a low ESR ceramic capacitor, a 0.1F ceramic capacitor should be added in parallel to Cy.
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3.2.4. Cvop Bypass Capacitor for VDD Internal Reference Voltage Output

For best performance, a low ESR ceramic capacitor should be used for the100nF bypass capacitor from the VDD
pin to ground.
3.2.5. Rsense Output Sensing Resistor

The typical value for the output sensing resistor is 50mQ.

3.2.6. Pull-up Resistors

For proper function of the I’C™ interface, the SDA pin must be connected to a positive supply (e.g., the VDD pin)
through an external pull-up resistor.

For proper function of the fault-warning signal on the NFLT pin, it must be connected to a positive supply (VDD)
through an external pull-up resistor.
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4  Pin Configuration and Package

4.1. ZSPMA4521 Package Dimensions
Figure 4.1  PQFN-16 Package Dimensions
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4.2 Pin-Out Assignments

Figure 4.2 ZSPM4521 Pin Assignments
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4.3. Pin Description for 16-Pin PQFN (4 x 4 mm)
Table 4.1 Pin Description

ol

N |VIN )
w |VSENSE )
~ |VBAT )

Pin # Name Function Description

1 SW Switching Voltage Connect to Loyt 4.7uH (typical) inductor. Also connect to additional SW
Node pin 14.

2 VIN Photovoltaic Input Input voltage from the photovoltaic cell. Also connect to Cn. Also
Voltage connect to additional VIN pin 11.

3 VSENSE Current Sense Positive input for the MPPT current loop.
Positive Input

4 VBAT Output Voltage Regulator feedback input.

5 GND GND Primary ground for the majority of the device except the low-side power

FET.
6 EN Enable Input When EN is high (> 2.2V), the device is enabled. Ground the pin to
disable the device. Includes internal pull-up.

7 NFLT Inverted Fault Open-drain output.

8 VDD Internal 3.3V Connect to a 100nF capacitor to GND.
Supply Output

9 VTHERM Battery Negative node for the thermistor, which must be located in close
Temperature proximity to the battery.
Sensor Minus
Node
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Pin # Name Function Description
10 VTH_REF Battery Positive node for the thermistor, which must be located in close
Temperature proximity to the battery.
Sensor Positive
Node
11 VIN Photovoltaic Input Additional VIN pin for input voltage from the photovoltaic cell; connect to
Voltage VIN pin 2.
12 SCL Clock Input I°C™ clock input.
13 SDA Data Input/Output I?’C™ data (open-drain output).
14 SW Switching Voltage Additional SW pin; connect to SW pin 1.
Node
15 PGND Power GND GND supply for internal low-side FET/integrated diode. Also connect to
additional PGND pin 16.
16 PGND Power GND GND supply for internal low-side FET/integrated diode. Also connect to
additional PGND pin 15.

4.4. Package Markings
Figure 4.3 Marking Diagram 16-Pin PQFN (4 x 4 mm)

XXXXX: Lot Number (last five digits)
4521A O: Pin 1 mark
XXXXX
oYYWW YY: Year
WW: Work Week
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5 Layout Recommendations

To maximize the efficiency of this package for application on a single layer or multi-layer PCB, certain guidelines
must be followed when laying out this part on the PCB.

5.1. Multi-Layer PCB Layout

The following are guidelines for mounting the exposed pad ZSPM4521 on a multi-layer PCB with ground a plane.
In a multi-layer board application, the thermal vias are the primary method of heat transfer from the package
thermal pad to the internal ground plane. The efficiency of this method depends on several factors, including die
area, number of thermal vias, and thickness of copper, etc.

Figure 5.1 Package and PCB Land Configuration for Multi-Layer PCB
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Figure 5.2 JEDEC Standard FR4 Multi-Layer Board — Cross-Sectional View
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Figure 5.3 is a representation of how the heat can be conducted away from the die using an exposed pad
package. Each application will have different requirements and limitations, and therefore the user should use
sufficient copper to dissipate the power in the system. The output current rating for the linear regulators might
need to be de-rated for higher ambient temperatures. The de-rated value will depend on calculated worst-case
power dissipation and the thermal management implementation in the application.

Figure 5.3  Conducting Heat Away from the Die using an Exposed Pad Package
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Note: NOT to scale.

5.2. Single-Layer PCB Layout

Layout recommendations for a single-layer PCB: Utilize as much copper area for power management as possible.
In a single-layer board application, the thermal pad is attached to a heat spreader (copper areas) by using a low
thermal impedance attachment method (solder paste or thermal conductive epoxy).

In both of the methods mentioned above, it is advisable to use as much copper trace as possible to dissipate the
heat.
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Figure 5.4  Application Using a Single-Layer PCB

Use as much copper area
L as possible for heat spread

| | — Package Thermal Pad
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Important: If the attachment method is NOT implemented correctly, the functionality of the product is NOT
guaranteed. Power dissipation capability will be adversely affected if the device is incorrectly mounted onto the
circuit board.

6 Ordering Information

Ordering Code Description Package

ZSPM4521AA1W ZSPM4521 High Efficiency Li-lon Battery Charger for 16-pin PQFN / 7” Reel (1000 parts)
Photovoltaic Sources

ZSPM4521AA1R ZSPM4521 High Efficiency Li-lon Battery Charger for 16-pin PQFN / 13” Reel (3300 parts)
Photovoltaic Sources

ZSPM4521KIT ZSPM4521 Evaluation Kit

7 Related Documents

Document File Name
ZSPM4521 Feature Sheet ZSPM4521_Feature_Sheet_revX_xy.pdf
ZSPM4521 Evaluation Kit Description ZSPM4521_Eval_Kit_Description_revX_xy.pdf

ZSPM4521 Application Note — Solar Powered Battery ZSPM4521_App_Note_Solar-Batt-Charging_revX_xy.pdf
Management and Charging Solutions

Visit ZMDI’s website www.zmdi.com or contact your nearest sales office for the latest version of these documents.
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8 Document Revision History

Z Mol
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Revision Date Description
1.00 February 14, 2013 First release.
1.01 October 3, 2014 Revision of specification for VTH_REF output voltage in Table 1.4.
Updates for contact information and imagery on cover and headers.

Sales and Further Information

www.zmdi.com

SPM@zmdi.com

Zentrum Mikroelektronik
Dresden AG

Global Headquarters
Grenzstrasse 28

01109 Dresden, Germany

Central Office:
Phone +49.351.8822.306
Fax  +49.351.8822.337

ZMD America, Inc.

1525 McCarthy Blvd., #212
Milpitas, CA 95035-7453
USA

USA Phone 1.855.275.9634
Phone +1.408.883.6310
Fax  +1.408.883.6358

Zentrum Mikroelektronik
Dresden AG, Japan Office

2nd Floor, Shinbashi Tokyu Bldg.

4-21-3, Shinbashi, Minato-ku
Tokyo, 105-0004
Japan

Phone +81.3.6895.7410
Fax +81.3.6895.7301

ZMD FAR EAST, Ltd.
3F, No. 51, Sec. 2,
Keelung Road

11052 Taipei

Taiwan

Phone +886.2.2377.8189
Fax +886.2.2377.8199

Zentrum Mikroelektronik
Dresden AG, Korea Office
U-space 1 Building

11th Floor, Unit JA-1102
670 Sampyeong-dong
Bundang-gu, Seongnam-si
Gyeonggi-do, 463-400
Korea

Phone +82.31.950.7679
Fax  +82.504.841.3026

European Technical Support
Phone +49.351.8822.7.772
Fax  +49.351.8822.87.772

European Sales (Stuttgart)
Phone +49.711.674517.55
Fax  +49.711.674517.87955

DISCLAIMER: This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Zentrum Mikroelektronik Dresden AG (ZMD AG) assumes no obligation regarding future manufacture unless otherwise agreed to in writing. The
information furnished hereby is believed to be true and accurate. However, under no circumstances shall ZMD AG be liable to any customer,
licensee, or any other third party for any special, indirect, incidental, or consequential damages of any kind or nature whatsoever arising out of or
in any way related to the furnishing, performance, or use of this technical data. ZMD AG hereby expressly disclaims any liability of ZMD AG to any
customer, licensee or any other third party, and any such customer, licensee and any other third party hereby waives any liability of ZMD AG for
any damages in connection with or arising out of the furnishing, performance or use of this technical data, whether based on contract, warranty,
tort (including negligence), strict liability, or otherwise.
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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/
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