









































Theory of Operations for McKinley:


Back-UPS 350 CS 120VAC


Back-UPS 500 CS 120VAC


Back-UPS 350 CS 230VAC


Back-UPS 500 CS 230VAC
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UPS Functionality





McKinley is a microprocessor controlled UPS.  McKinley is sold as Back-UPS 350 / 500 CS and a Back-UPS 350 / 500 CS in a 230 Vac version.  Under normal line conditions, the UPS provides power from the AC mains to the load.  





The UPS continuously monitors the line in anticipation of AC mains failure and prepares the inverter for frequency and phase synchronous transfer of the load.  When AC fails the load is transferred to power derived from the UPS's battery.   On inverter the UPS delivers voltage having a stepped sine wave shape  McKinley uses a push-pull center tap 50/60 Hz transformer to develop AC.  The output voltage is regulated by modulating the pulse width.





A combination of visual and audible indicators communicate self-test, on-line and on-battery operation, overload, and replace battery conditions.  In order to determine the condition of the battery during the self test, the UPS loads the battery to detect diminished capacity before it is put into service.  The UPS performs the self test upon start up and, when left on, every 14 days thereafter.  





McKinley is equipped for USB communication through a cable connecting the UPS data port to the computer USB port.  McKinley ships with 990-2004A CD containing PowerManagement Extensions (PME) for Windows 98, OSPM for Windows 2000, and Shutdown Manager for Apple.





The UPS is capable of Simple Signaling communications through a different optional cable from the UPS data port to a DB-9 computer interface port.  When combined with APC's optional PowerChute plus power management and diagnostic software, the UPS performs operating system shutdown in the event of an extended blackout.  PowerChute plus is sold separately and supports Novell NetWare, Windows NT, Windows 98,  Windows 95, Windows 3.x and Windows for Workgroups.





These Back-UPS models come equipped with three (120VAC Domestic versions) or one full time (230VAC IEC International versions) surge only outlet plus three battery back-up outlets.  The 120V units have the Battery backup and surge outlets clearly marked by English text.  On the 230VAC IEC units, the off white colored outlet distinguishes the surge only outlet from the battery back-up outlets.  AC voltage is present on the surge only outlet whenever the UPS is connected to the AC line.  AC voltage is supplied to the battery back-up outlets when the front panel switch is pressed.








Warning:  It is imperative that both the AC and the DC voltages are disconnected from the system before attempting to service unit.  Turn unit off through the on/off switch and then disconnect AC.  Disconnect the battery.  To insure that the unit does not have a charge, press the on/off switch a couple of times to discharge any components.  McKinley is an isolated, battery negative ground referenced system.  All battery side measurements can be made with a grounded oscilloscope by connecting the probe ground to Battery minus (-) or chassis.


User Interface


LEDs


There are 4 LEDs on the display board to indicate UPS modes of operation:  D3 green (online), D41, yellow (on-battery), D22, red (overload), and D23, red (replace battery).  The anodes of the display LEDs are tied to +5 volts.  The cathodes of the display LEDs are tied to the microprocessor port PA0-3 by resistors R11,R44, R46, and R45.  These port pins are open collector outputs.  To light an LED the micro pulls the respective port pin to ground. 


Beeper


The beeper circuit consists of the following parts: R63,R94, D26, BZ1, and Q29.  R63 is driven by a 2.4 kHz square wave having an amplitude from 0 to 12 volts.  This turns Q29 on and off at 2.4 kHz.  BZ1 is an inductive beeper whose maximum sound amplitude occurs at 2.4 kHz.  When Q29 is on, the negative terminal of the beeper is pulled to ground and the positive terminal is held at 12UNFILT.  When Q29 is off D26 provides a current path for the current stored in the inductance of BZ1.  The microprocessor disables the beeper by grounding port PA6 and thus grounding the drive for Q29.


Switch


SW1 is a momentary switch that pulls high a signal running to R95 and R102.  The description of the switch circuit will be described in the switch circuit section.


Computer Interface 


USB Interface





McKinley has USB to the host computer via the 10 pin data port on the back of the UPS, working through a 10 pin RJ45 to USB cable to the host computer.  The USB pin assignment is:


1: USB VCC


9: USB D- signal


10: USB D+ signal


7: USB signal ground


4: USB shield ground





The UPS micro pins RXD and TXD communicate to the USB micro (U2).  U2 is a Cypress USB processor.  The data is communicated to the host computer through the D+ and D- lines.  





The USB processor gets its +5V from the host computer USB bus.  The +5V powers up the USB processor, which in turn communicates to the UPS processor, putting it in RS232 mode to communicate between the chips.  The +5v is filtered through B3, clamped with D45 and D50.  C50 and C51 provide bypass and decoupling for the +5V to the microprocessor.





D20 provides isolation between the USB and UPS microprocessors when the USB +5V is not present.  





Q13, R16, R10, and R69 provides a pull-up to the USB D- signal, while allowing the pull-up to be removed during the power saving host computer suspend mode.





Q14, 16 and R70,22,93, and 20 allows open collector communication to the UPS microprocessor U1.  Open collector communication provides minimal contention in the event that both processors communicated at the same time.  The transistors allow a high impedance state when the USB +5V is not present, and the USB communication is not necessary.  This ensures that both the USB +5V and a USB communication signal is needed to talk to U1.





Simple Signaling


The computer interface shares the 10 pin RJ45 connector J1 with the USB port.  The following pin connections are used for simple signaling:


3: Low Battery signal.  Provided by open collector Q10 along with R32 and R17.


8: Inverter Shutdown.  Provided by input transistor Q9 and resistors R68, 31, and 57.


2: On Battery Signal.  Provided by open collector Q11 and resistors R58 and 67.


4: Cable connector shell


7: Simple signaling ground return





Power Chute plus software is offered separately and is needed to take advantage of the additional features provided by McKinley such as the automatic shutdown option while on-battery.


LOWBATT N/O signal (J1 pin 3)


When McKinley is on-battery the low battery signal is used to inform the user that there is a minimal amount of run time left to support their application.   McKinley initiates the low battery signal and continuously beeps when the battery voltage is below 11 volts.  


AC FAIL, or On Battery Signals (J1 pin 2)


McKinley provides an AC FAIL signal used by PowerChute plus to display an AC line fail warning on the customer's monitor. 


SHUTDOWN signal (J1 pin 8)


If McKinley is on-battery and J1 pin 8 is pulled to +5 volts McKinley will shut down after the shut down delay.  When J1 pin 8 is pulled to +5 volts Q9 turns on and pulls one side of R68 to ground.  R68 and R59 form a voltage divider which is an input to U1 pins 10,11.  The microprocessor samples this channel and commands the UPS to shut off when the voltage is within a certain window.





Brains


Microprocessor


McKinley uses an ST73315G2 microprocessor.  The table below describes the port pins of the processor:








Features�
Comments�
�
CPU - 8 bit�
�
�
Program Memory - 4K without UPSlink, 8K with UPSlink�
UPSlink uses considerable memory�
�
RAM - 128 bytes �
 Could manage with 64 bytes of RAM, but will limit future upgrades & improvements. �
�
Timers - 2�
Timer 1 will be used to generate the UPS internal frequency, while Timer 2 will be used to generate a PWM signals for phase 1 & 2.


All the registers associated with both the timers should be independent of each other. The timers should be able to generate an interrupt when the free running counter matches the pre-loaded count register.�
�
ADC - 5 channel, 8 bit, with sample and hold circuit�
Analog signals fed to the micro


- Line sense


- Battery sense


- Output Voltage (for low frequency design)


- Load sense


- Button�
�
High Sink Outputs -4�
On-line LED


On-battery LED


Replace battery LED


Overload LED/High Frequency Output�
�
Digital Outputs - 10�
Phase 1


Phase 2


Transfer Relay


Beeper


Low Battery (for simple signaling)


EEPROM Clock


EEPROM Chip Select


EEPROM Data Output


Transmit/On-Battery (Communication)


Charger On/Off�
�
Digital Inputs - 4�
Sync signal


Shutdown (for simple signaling)


EEPROM Data Input


Receive (Communication)�
�
External Interrupts - 2 �
 Edge triggered sync interrupt, programmable edge (rising or falling)


Edge triggered receive interrupt for firmware UART�
�
Communication �
The CPU should have a on-chip UART or CPU should have enough processor time to implement a firmware UART. �
�









Integral A/D converter to the Microprocessor


The A/D converter is used to measure analog signals and convert them to digital values for use by the microprocessor.  The signals are the battery voltage (VBATT), AC input voltage (INV), AC output voltage (OUTV), the input switch remote in level,  power of inverter while on-battery (POWER).  All of these signals are sampled at various points in the AC line cycle, converted to digital values, and used by the microprocessor to make decisions.





EEPROM





An EEPROM (IC7) (Electrically Erasable Programmable Read Only Memory) is a non volatile read/write memory device which is used to store all adjustable variables that the microprocessor needs to remember.  Adjustable parameters such as the line voltage, battery voltage, unit type, power overload, serial number, and whether the UPS is in the OFF_ENABLE state are programmed into this device.  


Reset circuit 


The reset circuit holds the microprocessor U1 in reset while the power supply is ramping up to ensure the +5V is within specifications before the processor begins operating.   The circuit is R2 and C21


 


Switch circuit  


The switch SW1 is normally open, and it feeds R95 along with the Charger_On signal.  When the switch is closed, 12V Unfiltered (unlatched) is placed on R95.  R95 and R96 form a voltage divider, and one third of the battery voltage is fed into U1 pin 16, an A/D input channel.  The voltage here is different from the battery charger secondary side (which has an additional R102 47k ohm resistor to set a different voltage ratio) to allow the microprocessor to determine how it was woken up.





Closing the switch also puts current through R102 into the base of Q12 to turn on the 12V latch.





This microprocessor input pin is also shared by the battery charger secondary side wake up circuit, as described in the battery charger section.


Line sense circuit


McKinley senses both the input line voltage and the output line voltage through differential amplifiers and precision rectifiers using 4 op-amps in IC1.  IC1 is powered by +12 volts and -8 volts.  The input hot and neutral are sensed through bridging resistors R29,30,60,79,83,35,36,43,80,and 84.  These resistors in combination with R14 and R18 convert the line voltage to a ground referenced signal whose magnitude is –R14/(sum of input resistors).  The resistor value for R14 and 18 are different if the unit is a 120VAC or a 230VAC input to keep the A/D scale similar.





The output of IC1 pin 1 is the line voltage divided and inverted.  It is also between +5 and -5 volts.  R49 and 50 and the second op-amp form the precision rectifier.  When the signal from IC1 pin 1 is greater than zero IC1 pin 7 pulls to the minus rail, D25 is reversed biased and the signal at IC1 pin 1 passes straight through R49 and R50 to the A/D CH2 as INV.  When the signal from IC1 pin 1 is less than zero IC1 pin 7 inverts that signal through R49, and D25.  This pair of amplifiers creates a full wave rectified ground referenced signal that is proportional to the input line. This signal is fed into the A/D converter allowing the microprocessor to continually monitor the AC line voltage.  This circuit is copied with the remaining two op-amps in IC1 to measure the output line voltage.


SYNC


In order to detect which phase of the line is positive and which is negative the UPS develops a signal called SYNC.  D24, R47, and Q3 are used to create this signal.  When IC1 pin 1 is greater than zero, D24 is reversed biased, Q3 is turned on through R47, and the SYNC signal is pulled low.  When IC1 pin 1 is less than zero D24 is forward biased, the base-emitter junction of Q3 is reversed biased, Q3 is off and the SYNC signal is high.


+12 Volt Latch


The +12 volt latch turns on and off all the internal power to the UPS.  Q30,Q1, Q12, and their associated resistors form the +12 volt latch.  Normally when the UPS is not plugged into AC line Q30, Q1, and Q12 are off, and +12 volts, +5 volts and -8 volts are all at zero.  When either the COLDBOOT signal is pulled high or the wake up circuit activates, Q12 is turned on through R102 or R9 respectively.  When Q12 turns on its collector pulls to ground.  This turns on Q1 through R1.  When Q12 is on, the collector of Q1 is pulled to +12 volts.  When Q1 is on, Q12 is held on through R15 and thus the two transistors keep each other on.  +12 volts feeds the input of IC5 which produces +5 volts.  +12 volts feeds IC8 which develops the OSC signal and -8 volts.





When McKinley determines it is not powering the load and AC has been bad for longer than 20 seconds the microprocessor toggles the HFOFF signal between 0 and 5 volts repeatedly to prevent the battery from being discharged.  C10 and D31 form a charge pump.  When HFOFF toggles between 0 and 5 volts the charge pump charges C29 up to +5 volts.  This turns on Q30.  When Q30 is turned on Q30 shorts out the base-emitter junction of Q12, turning off Q12.  When Q12 turns off, Q1 turns off and + 12 volts discharges to zero volts.  This causes +5 volt and -8 volts to discharge to zero volts as well.  This shuts off all internal power in the ups and prevents the battery from discharging any further.


Inverter and Clamp circuit


McKinley uses a center tap winding to develop the output step wave when on battery.  During the zero voltage time of the step McKinley clamps the output by shorting out a clamp winding in the transformer.  IC8 is the inverter ASIC that decodes PHASE1 and PHASE2 from the microprocessor and drives the Left, Right, and Clamp fets.  The following table describes the decoding:





PHASE1 PHASE2  Fet on	1 is logic high +5 volts, 0 is logic low 0 volts.


1	    	1	none


1	    	0	R(Right)


0	    	1	L(Left)


0	    	0	C(Clamp)





When McKinley is on line, PHASE1 and PHASE2 are high and none of the fets is on.  When McKinley goes to battery the microprocessor steps PHASE1 and PHASE2 so that the fets turn on in the sequence R C L C R C L C.....  When R is high Q8, and Q7 are on.  When L is high Q15, and Q6 are on.  When C is high Q9 and 10 are on, both sides of the clamp winding are shorted to ground which clamp the output.





IC8 performs pulse by pulse current limit to protect the main fets from excessive currents (for example, if the output of the UPS is shorted while on-battery).  If the current through one side of the fets is too high IC8 turns off the drive for that side and turns on the Clamp fets.  IC8 detects this pulse by pulse current limit through R98, R5, D32, and D34, and the base emitter diodes of Q26 and Q17.  As an example assume L is high.  The current flowing through Q15/6 develops a voltage across the Rds of these fets.  D34 and the base emitter diode of Q17 are forward biased through R5 and the voltage at the cathode of D34 is the same as the emitter voltage of Q17.  The node at the cathode of D34 is at the same node as the fet drain, the Q17 emitter voltage mirrors the fet Rds voltage.  This voltage is sensed at the IS pin of IC8.  If this voltage exceeds the voltage at the IR pin of IC8 as set by resistor divider R26 and R61, IC8 detects that an over current condition has occurred and IC8 drives L low and C high.  This condition gets cleared when the microprocessor commands a Clamp through PHASE1 and PHASE2.





IC8 also performs a fet time out function.  If the microprocessor commands L, R, or C to be on for too long (20ms) IC8 turns off all the fet drives until the microprocessor returns to all fets off state.  R111, C32, and C33 are the components that control the time out time.  The RES1 pin of IC8 is a voltage reference at about 3 volts.  R111 sets a current that is used to charge C32 and C33 when the clamp or main fets are on.  If the voltage on one of the two caps reach the voltage on R111, IC8 times out.  When the appropriate fets turn off C32 or C33 get discharged to zero until the next cycle.





Power meter


The McKinley power meter signal is used in three different routines to determine operational states relative to the output power load.  Information monitored at pin 14 of the analog-to- digital converter (U1) is used to determine the low battery shut-off voltage relative to output power, deciphers a bad battery from a good battery during the self test routine, and detects output overloads which may stress inverter fets while on-battery.


During the self test routine the battery voltage (VBATT pin 12 o U1) and power meter signals (pin 14 of U1) are used to determine the state of the battery.  The microprocessor samples these signals and takes their raw values and compares them to internal preset values.  A self-test pass condition occurs when the expected battery voltage drop is within the window for the rated load applied to the UPS.  If the power meter is not functioning properly the self test routine will provide inaccurate results.





The power meter signal is sampled by the microprocessor during a discharge and the battery shut-off voltage threshold is dependent on the output load.  The UPS shuts off at a higher battery voltage when a load is not attached to the UPS.  This feature was incorporated into the McKinley design to protect its battery from a no load condition to prolong its life-span.  The battery shut off voltage will be wrong if the power meter is not working properly.





The McKinley power meter signal in conjunction with the pulse by pulse current limit circuitry is used to protect the inverter bridge from overloads.  It does this by monitoring the voltage across the Rds of the fets and is sensed by R27.  As explained above in the pulse by pulse limit section, the voltage at R27 can be represented as the same voltage across the Rds of the fets because the BJT emitter voltage mirrors that of the inverter FET drain.  This signal is proportional to the power from the voltage drop across the inverter Fets and is monitored at pin 14 of U1.  As this voltage increases, more current flows through R27 resulting in more current to be pulled from the + 5 volt rail through R103 and C8.  The UPS will shut off due to an overload condition if this signal decreases below the set internal threshold. 





Note:  Whenever the Fets are replaced, McKinley needs to be calibrated.  Use the Field Service software provided by the APC Field Service team.


Relays and drivers (BK350, BK500)  


McKinley utilizes a transfer relay RY2.    The normally closed side of RY2 is connected to the inverter transformer.  The normally open side or RY2 is connected to the AC input through the surge and filtering.





For the 120V McKinley, RY1 is not necessary for agency compliance, and is bypassed using Fast-on tabs.





The relay is driven by R33, R34 and Q4 from the microprocessor U1 pin 4.





The zener diode D45 clamp the inductive energy stored in the relay drive coils and limit the voltage on the relay drivers to the battery voltage + 1 diode drop + the zener voltage or 14v +1v +36v = about 51 volts.





This relay is driven by a voltage doubler made by C44, R110, D32, and D34.  The voltage doubler briefly increases the drive voltage to the coil when pulling in the relays on retransfer to allow faster relay operation.





Relays and drivers (BK350EI, BK500EI)


The differences in the 230VAC version are for VDE compliance.  Here RY1 is added to allow for increased clearance requirements.  For the additional drive capability, Q4 is replaced by 349-7002 which has lower resistance than the 349-0003 used in the 120VAC version.


Surge and Filtering


MV5 and M3 provide normal mode surge suppression.  L1, C40, C1, and C5 provide normal and common mode EMI filtering.  C52, 53 provide filtering of the relay action on the UPS battery backup outlets for smoother USB performance.





On the 120VAC BK350, BK500 products, the MOV’s are chosen to comply with the APC design standard to allow 250VAC input without destroying the MOV’s.  On the 230VAC BK350EI and BK500EI products, the MOV’s are scaled to allow operation in poor power countries where the utility voltage can go above 300VAC.





MV1 and MV2 provide common mode surge suppression on the BK350 and BK500 products.  They are not used on the BK350EI and BK500EI to comply with agency leakage requirements.  





R6, R13 and C42 perform output snubbing when the UPS is on inverter.  This helps maintain a clean output signal when the unit is operating with no load.





Site Wiring Fault


With normal North American wiring, the neutral is tied to chassis ground at the building transformer.  This means that the potential between neutral and ground seen at a typical wall AC outlet is near zero volts.  In this case the voltage across C1 is near zero, and Q27 will be off.  If Q27 is off, no DC current can flow through D29, and the BWF indicator LED will be off.





When line & neutral is reversed, so that there now is a voltage across C1, Q27 will be on (when neutral < ground).  Current can now flow through D29 (starting from line (=ground), through R124, R125, D9, D29, Q27, returning to neutral).  D1 limits the voltage seen by Q27 to under 13VDC.  R124 & R125 limit peak current through LED (170V/24K = 7mA), and C9 filters the current to reduce the 60Hz flashing.





When ground is open, a voltage can develop across C1.  The impedance of C1 at 60Hz is about 564K, and is in parallel with R104 & R105 (400K).  So the voltage across C1 will be about 30% of the line-neutral voltage.  This will be sufficient to turn Q27 on, and the BWF LED will turn on as before.





D36 prevents the base-emitter voltage of Q27 from going negative below a diode drop.  





Telephone Protection Circuit


TH2 and TH3 are PTC (Positive Temperature Coefficient) devices installed to provide resistive isolation between the telephone company surge suppression network (usually a spark gap) and the McKinley telephone protection MOV’s.  This forces the telephone company spark gap to take most of the surge rather than the McKinley MOV’s.  Otherwise the MOV’s would take every surge, since it has a lower value than the spark gap.





McKinley uses PTC’s instead of resistors and fuses to protect against a power line crossing and shorting to one of the telephone lines.  Such an event would otherwise harm the user’s modem without activating the McKinley MOV’s.  The PTC’s protect against 600VRMS, providing protection of a power line cross to both McKinley and to the user’s modem.  The PTC’s recover when cooled down after the power line cross is removed, allowing continued protection.





McKinley uses both normal and common mode MOV’s to protect the user’s modem.  The values are scaled for 175V MOV’s in the 120VAC versions, and 230V MOV’s in the 230VAC McKinley products.





The unpopulated components D28,30,33,42,35,47,46,43 and XVS1 provide a provision for 10baseT protection.








High Frequency Battery Charger


The battery charging subsystem for McKinley is a universal input charger that draws power directly from the AC input and charges the battery at a nearly constant rate over the entire input range of the charger.  The primary power conversion is performed with an off line flyback converter which is followed by a linear post regulator.  The flyback section performs voltage conversion, isolation from utility, and power limit.  The post regulator prevents battery discharge when the utility is not present and regulates the battery float voltage to within 1%.  The battery charger subsystem has wake-up circuitry that inhibits the output of the charger until sufficient line voltage exists to maintain the battery float voltage.  The battery charger produces a signal that "wakes-up" the rest of the UPS when the battery charger is operating.  The battery charger can be inhibited through microprocessor control.





Schematic





�








F3


519-0003  1A 125Vac slow blow fuse.  F3 is required to protect the pcb traces in the event of a short in the primary side components of the battery charger.  This is an agency requirement.  Ideally F3 would be a 230Vac rated part for the international skus but 230Vac rated fuses proved to be excessively large and expensive.  F3 must survive two conditions, steady state current and inrush current.  The worst case steady state current of the charger is 160mA rms.  The 1A rated fuse is more than adequate.  The inrush to charge the input cap C15 is limited by the ESR of C15 and the series resistance of L2 and L3.  This limits the peak current to 36 amps.  The total charge time is about 200us.  This limits the I2t rating to less than 0.26A2s.  The fuse is rated for 2A2s.








L2, L3


420-0088  1mH 0.2A rod core inductor.  L2 and L3 perform differential and common mode conducted EMI filtering.  The parts are polarized and located right next to each other on the pcb in order to take advantage of the interaction of the magnetic fields.  Due to the close proximity and phasing the common mode inductance and performance is increased.  If the phasing is inadvertently reversed the conducted EMI is degraded by 20dBuV.  These parts help attenuate the second and higher order harmonics of the switching frequency of IC4.





In addition to providing EMI filtering L2 and L3 also help limit the inrush current.  Even though the cores saturate at about 0.4A the residual inductance is still significant.  In addition the winding resistance is about 2 ohms per inductor.  L2 and L3 dramatically reduce the peak inrush current which makes specifying F3 and D10 - D13 easier.











D10 - D13


339-0007  1A 800V diode.  D10 through D13 form a full diode bridge to rectify the AC line and charge the input capacitor C15.  These diodes must survive the same steady state and surge currents as F3.  At 1 amp steady state and 30 amps for 8ms surge these diodes are more than up to the task.  





In addition these diodes must survive the let through voltage of the MOVs during a surge event.  These diodes have been placed in between input inductors L2 and L3 and the input capacitor C15 in order to help limit the voltage stress on these parts.  C15 acts to clamp the voltage across it and the diodes and L2 and L3 provide some impedance to work against.  In surge testing the voltage on C15 only rises about 200 volts above its steady state voltage.  When the diodes were placed in front of the inductors the voltage across the diodes exceeded 1000 volts and the diodes shorted.











C15


202-1100  450V 10uF cap.  C15 peak detects the AC line and stores energy to run the flyback converter.  C15 must be voltage rated for the maximum high line and ripple current rated for the worst case ripple current.  This occurs at low line where the flyback controller hits maximum duty cycle.  In addition C15 must remain sufficiently charged between peaks of the AC line to keep the flyback running.  Ideally C15 should be low ESR to help reduce EMI.








IC4, C41


359-0060  Power Integrations TinySwitch TNY255.  IC4 integrates a flyback controller and power fet all in one package.  IC4 operates at 130kHz and uses ON/OFF control instead of PWM.  When the voltage feedback is not satisfied IC4 runs at 130kHz.  Each switch cycle ends when the switch current reaches an internally set current limit.  When the output voltage is satisfied IC4 is prevented from switching and thus skips cycles.  IC4 has 4 electrical connections, drain, source, bypass, and enable.  The drain is the fet drain connection.  The source is the fet source connection and the -VCC reference for the IC.  The bypass is the connection point for an external bypass capacitor C41 225-1104  0.1uF 50V.  The enable pin controls IC4.  When left floating IC4 is on and runs at 130kHz.  When shorted to ground IC4 is off.





A more complete description of this part can be found in the part spec and at Power Integrations web page http://www.powerint.com


Application notes AN23 and AN16 give a step by step design approach for using this part.








T1


430-0119  flyback transformer 130kHz.  T1 is the flyback transformer.  It is based on an EE16 core per the recommendation of Power Integrations.  While it would be possible to use a smaller core based on the power throughput the bobbin could not be any smaller due to agency spacing requirements.





The secondary of this transformer is wound with triple insulated wire in order to meet agency spacing and take maximum advantage of bobbin width.  The secondary is wound in 1 layer and the primary wound in 2 layers on either side of the secondary.  This minimizes skin effect losses and produces a leakage inductance of about 0.5% of the primary inductance.





The flux level in the core is limited to about 0.2 Tesla and all three legs of the core are glued with a hard epoxy.  This is done to eliminate any audible noise from the transformer when the charger is cycle skipping.  There are currently 2 options for obtaining the proper gap in the transformer core that prevent audible noise.  The solution recommended by Power Integrations is to use unglued cores and glue them together with a hard epoxy that has glass beads in it to set the gap.  The bead size is controlled and produces a uniform gap in all 3 legs.  In addition this makes for a secure mechanical structure that does not vibrate under cycle skipping operation.  The other solution is to gap the center leg per standard practice and fill the gap with hard epoxy.  While normal practice would be to not put any glue in the center gap this would lead to audible noise from the core under cycle skipping mode.  More information can be found in application note AN-24 from Power Integrations web page.  http://www.powerint.com





The power throughput of the charger is limited by the primary inductance of the transformer, the switching frequency of switching, and the peak current limit.  The switching frequency and current limit are preset in IC4 so the power throughput is adjusted by adjusting the primary inductance.  This transformer runs primarily in discontinuous mode but does run in continuos mode at low line voltages and low battery voltages.








C12, R8


224-1220  22pf 1kV cap, 174-0152  1.5k 1/2 watt.  C12 and R8 are the RC snubber that limits the ring up voltage on the drain of IC4 at switch turn off.  An RCD solution was considered because it would have been more efficient but the junction capacitance of the diode prevents this solution from being effective.  This is due to the very small leakage inductance and the limited energy stored in that inductance.  The capacitor voltage rating must be greater than the 700 volt rating of IC4.  The capacitance value was chosen by experimentation.  The value was chosen to be as small as possible to limit dissipation in R8 but still limit the ring up on the drain of IC4 to no more than 100 volts above the reflected output voltage.  The value of R8 was calculated to critically damp the series leakage inductance and snubber capacitance resonant circuit.  The power rating of R8 is determined from the voltage across C12, the switching frequency and the value of C12.








C11


221-0001  4700pf 250Vac Y2 cap.  This capacitor helps reduce conducted EMI.  It gets connected between the ground side of the secondary and the high voltage side of the primary.  It is important that the lead lengths and traces be as short as possible.








Q2, 18, 19, R76, 77, 7, 75, 78, 73, 71


349-0001  NPN transistor 2N2222, 171-XXXX  1/4 watt resistors 173-XXXX  1/8 watt resistors.  These 3 transistors and 7 resistors make up the primary side of the wake-up circuit.  As the voltage on C15 rises from zero the voltage on the IC4 bypass pin rises and is regulated to 5.8 volts.  At voltages less than the wake-up voltage Q2 is off.  The 5.8 volts from the bypass pin turns on Q19 and Q18.  If Q19 is on the enable pin of IC4 is held low and switch cycles are inhibited.  With Q18 on R75 is in parallel with R7 which raises the voltage required to turn on Q2.  When the voltage on C15 is high enough, Q2 turns on, which turns off Q18 and Q19.  With Q19 off IC4 is enabled to start switch cycles.  Turning off Q18 floats R75 effectively removing it from the divider string.  This dramatically lowers the voltage required to enable the wake-up circuit and thus provides hysteresis.  





The maximum current through any transistor is 68uA or less.  The maximum voltage stress on any transistor is 1.5 volts or less.





R76 and R77 are 1/4 watt parts because they are rated 200 volts working voltage.  At high line their power dissipation is 0.13 watts.  The other resistors are 1/8 watt resistors.  Their maximum current is 60uA and maximum voltage stress is 5.8 volts.








D39


339-0037  100V 2A 50ns diode.  D39 is the output rectifier for the flyback.  It must withstand reverse voltage when the main switch is conducting, its maximum current rating must survive a short circuit on the output and the reverse recovery time must be sufficiently short so that this part does not contribute to EMI problems.








C45


283-0331  330uF 25Vdc capacitor.  C45 is the output filter capacitor for the flyback.  It stores excess energy during secondary conduction and supplies energy to the battery and remaining electronics during primary conduction.  C45 must be voltage rated for the maximum voltage expected at the output of the flyback section.  C45 must be ripple current rated for the maximum ripple current from the flyback.  With ripple current rating goes temperature rating.  The 330uF value was chosen because it has the necessary ripple current rating.








IC3


365-0137  13.7 Volt linear regulator.  IC3 performs two major functions.  It provides 1% regulation at the battery float voltage and it limits the leakage current from the battery to less than 90uA when the charger is off.  The output voltage of the flyback is regulated to just 1.3 volts above the saturation voltage of this linear regulator to limit the dissipation and eliminate the need for a heat sink.  This part is current and thermally protected.  In the event of tripping current limit  or thermal protection the regulator will return to normal operation once the current or temperature return to acceptable values.














D2, R62, IC6


339-0035  16V zener diode, 173-0101  100 ohm 1/8 watt resistor, 349-0100  optocoupler.  D2, R62, and IC6 provide the feedback to regulate the output of the flyback to 17 volts.  When the output voltage exceeds the avalanche voltage of D2 and the forward voltage of IC6 current conducts through the string.  This turns on the photo transistor in the optocoupler and disables IC4 from switching.  When the output voltage drops below the zener diode voltage plus the LED voltage current does not flow, the photo transistor is off and IC4 switches.





IC6 must meet agency spacing.  Since IC4 control is on/off the CTR of IC6 is not critical.  The threshold current for control is 50uA at the photo transistor.  For worst case analysis an optocoupler specified at low If currents is preferred.  Since the drive currents are quite small dissipation is not an issue.





The value of D2 is chosen so that the minimum Vf of IC6 plus the minimum zener voltage of D2 exceeds the output voltage of IC3 plus the IC3 saturation voltage.  Since the drive currents are quite small dissipation is not an issue.





R62 limits the maximum currents through D2 and IC6.  The worst case condition is when the main fets turn off after a short circuit event.  When this occurs the inductance of the battery wires can drive the battery voltage at the pcb up to 25 to 30 volts for 10 to 20us.  If R62 were 0 ohms the currents through D2 and IC6 could be destructive.  The 100 ohm resistor limits the current to 130mA worst case.  Making R62 larger to limit the current more would increase the output voltage dependence on control current.











D38, R9


339-0008  dual signal diode, 173-0473  47k 1/8w resistor.  D38 and R9 provide the secondary side wake-up signal to the +12 volt latch.  The current levels are low so power dissipation is not a concern.  Both diodes of D38 are used in series in order to have sufficient breakdown voltage.  R9 is chosen to provide sufficient current to drive the +12 volt latch.








Design tools


The majority of the equations used to design this charger were developed in MathCad.  MathCad has the ability to show the equations in text book format as well as perform the math and show the results.  Much of the design direction was taken from application notes AN-23 and AN-16 from Power Integration.  These and several other useful application notes are available on the web at http://www.powerint.com .





The MathCad file is stored on data on "engineering"\Dps\MtMcKinley\BatteryCharger\battchrger.mcd








Charging performance





The battery charger limits charging current by limiting the power throughput.  The result of this is that the battery charging current varies with battery voltage.  The output power of the charger is determined by the primary inductance, current limit when the primary switch turns off, the switching frequency and the secondary losses.  The equation is based on the energy stored in an inductor.





�


The tolerance of the primary inductance, current limit, and switching frequency all affect the charging current.  In the table below are the minimum, nominal, and maximum charger currents for various battery voltages.





Battery voltage in volts�
13.7�
13.0�
12.3�
11.6�
10.9�
�
Minimum charge current in mA�
268�
283�
299�
317�
337�
�
Nominal charge current in mA�
481�
507�
536�
568�
604�
�
Maximum charge current in mA�
670�
707�
747�
792�
843�
�






This charger will output about 0.3 amps minimum under worst case conditions.  More typically the charging current is 0.5 to 0.6 amps.
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Figure 1: Top Level UPS Block Diagram
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Figure 2: Power Control Diagram
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Figure 3: McKinley Control Block Diagram
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Figure 4: McKinley Inverter Block Diagram
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Figure 5: McKinley Logic Supply and Wake-Up
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Figure 6:  McKinley Firmware State Diagram
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