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TITLE OF INVENTION

System and Method for Adapting a USB to Provide Powerfor

Charging a Mobile Device

FIELD OF INVENTION

This invention relates to rechargeable mobile devices having

access to a Universal Serial Bus (USB). In particular, this invention

relates to adapting power from the USBfor use as a power source by

the charging system of the mobile device to re-charge the portable

powersupply of the mobile device.

BACKGROUNDOFTHEINVENTION

On one hand, the Universal Serial Bus (USB) is a

communications bus for connecting a USB host controller such as a

computer to peripheral devices. USB peripheral devices can be
differentiated based on how they obtain their power in order to

operate while connected. A self-powered peripheral has access to a

power supply external to USB, whereas a bus-powered peripheral

derivesall of its power from the USB.

On the other hand, traditional mobile devices usually have a

portable powersupply that provides power to the mobile device while
it is in service. Some portable power supplies are rechargeable so

that when poweris depleted and the portable power supply becomes

discharged, a charging system can be usedto restore the charge in

the portable power supply. The charging system obtains power from

an alternate power source, such as an AC outlet of a homeoroffice

electrical network, in order to recharge the portable powersupply.

555255-012-132 ano
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Certain rechargeable mobile devices use a separate charging

system such as a docking cradle. Other rechargeable mobile devices
integrate a built-in charging system in order to facilitate recharging
the portable power supply whileit is still installed in the mobile device.

Recently the hitherto separate fields of USB and mobile devices
have collided. Certain rechargeable mobile devices have evolved to

access USB capabilities in order to become USBperipherals for the

purpose of communicating with USB host controllers such as a
computer. In some cases, USB capabilities have been incorporated
into the docking cradle, whereas in other cases USB capabilities have

been integrated into the rechargeable mobile device itself, in a
manner analogousto the location of the traditional charging system.

Traditional rechargeable mobile devices having a USBalready

have access to two power supplies, specifically a portable power

supply and an alternate power supply. Therefore USB capable
rechargeable mobile devices traditionally operate as self-powered
USB peripherals.

There is a need for a system and method of adapting the

charging system of a USB capable rechargeable mobile device to use

the power traditionally available on the USB as an alternate power
source for recharging the portable power supply of the mobile device

thereby eliminating the need for a separate charging and USB
interfaces.

555255-012-132
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BRIEF SUMMARYOFINVENTION

It is an object of the invention to provide a system and method
of adapting the charging system of a USB capable rechargeable
mobile device to use the powertraditionally available on the USB as

an alternate power source for recharging the portable power supply of
the mobile device.

Traditionally, the alternate power supply is of a much greater

power capacity than the portable power supply, so that as much
current as is needed can be drawn from the alternate power supply

by the charging system in order to re-charge the portable power

supply.

However, powertraditionally available on the USBis 100mA to
500mAat 5V, which sometimes has to be shared amongstup to 127

self-powered peripherals. The exact amount of current available
varies as peripherals are connected and disconnected from the USB.

In one embodiment of the invention, a charging circuit directly

attached to the USB powerlines draws current without regard to

traditional USB functionality.

In another embodimentof the invention, a charging circuit uses

a current analogous to the current being drawn from the USB on the
Vbusrail. Several elements of the invention are provided by an ASIC

thereby facilitating manufacture.

In yet another embodimentof the invention, the USB interface
accessible to the mobile device isfurther adapted in order to favour

two modesof operation: charging mode and communications mode.

Further features of the invention will be described or will

become apparentin the course ofthe following detailed description.

555255-012-132 iif
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE

DRAWING

In order that the invention may be more clearly understood,

embodiments thereof will now be described in detail by way of

example, with reference to the accompanying drawings, in which:

Figure 1 is a block diagram illustrating a non-enumerating

embodiment:

Figure 2 is a block diagram illustrating an enumerating

embodiment;

Figure 3 is a flowchart illustrating an enumerating method;

Figure 4 is a block diagram illustrating a current sensing

embodiment, which can be used for both enumerating and non-

enumerating purposes;

Figure 5 is a typical charge and voltage curve whichillustrates

a current-sensing method; and

Figure 6 is a flowchart which further illustrates a current-

sensing method.

DETAILED DESCRIPTION OF THE INVENTION

NON-ENUMERATING EMBODIMENT

In one embodimentof the invention, a Li battery is charged by

using the power available at a high-powered USB port, making no

use of the D+ and D- data lines. A charger apparatus, such as a

linear charger based on the LTC1734 charge controller, is used in

this embodiment.

In reference to Figure 1, a USB interface 100 comprising a

Vbus power line 100, D+ data line 120, D- data line 130 and GND

555255-012-132 5
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powerline 140 is connected to a charging circuit 400 via the Vbus
110 and GND 140 powerlines. A battery 500, to be charged, is

connectedatit’s positive ent to the charging circuit 400, andatit's

negative end to the GND powerline 140.

lt was determined experimentally that current can be drawn

from several USB ports at a high rate, such as 500mA, without

problem. As used in this description and in the appended claims, a
high-power USBport is a USB port which can provide around 500mA
to be drawn by the invention. Typical means of providing a high-

power USB port are ensuring that the invention is the only USB
device to attach to the USB port of a desktop computer, a laptop

computer, or a self-powered hub.

First the charger is attached to the powerlines of a high-

powered USBport, such as that of a desktop computer. An open

voltage value is measured on the USB prior to charging operation.
This was about 5.16V in experiments.

Next, the battery is charged by drawing current at a rate of

around 490mA.

The start of charge can be detected by observing that the Vbus

voltage value settles to a charging voltage value. This was about

4.76V in experiments.

Finally, when the Vbus reaches its open value, the end of

charge condition is detected. This was about 5.16V in experiments.

Additionally, when charging from the USB port of a portable

computer, such as a laptop, after charging at the samerate ( 490mA)

the Vbus voltage value settled to a charging voltage of about 4.65V.

The difference between this laptop charging voltage value and the

555255-012-132
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desktop charging voltage value can be used to sense what type of

high-powered device the invention is attachedto.
Furthermore, still in the case of a laptop, the USB voltage

disappears when the internal laptop batteries were “completely”
discharged. The voltage is present again immediately after the laptop
is attached to its charger. Therefore, the invention adapts both the

batteries of a laptop and the power adapter ofthe laptop to provide

powerto a rechargeable mobile device via the USB port.
Furthermore, it seems that certain high-power USB ports, such

as a self-powered hub, appear to implement only an over-current

protection, i.e. they turn off the voltage on the Vbusline for current
values exceeding 700mMA-800mA.

Thus a battery charger limiting its charge current value to

500mA can be powered from a high-power USB port without being

necessary to be enumerated by the host, although such a device is

not currently compatible with the current USB standard.

ENUMERATING EMBODIMENT

In another embodiment of the invention, the USB interface

accessible to the mobile device is further adapted in order to favour

two modes of operation: a charging mode and the traditional
communications mode. The traditional communications mode of

operation of a USB peripheral is described in great detail in the
current USB standard and is not discussed presently asit is obvious

to a person skilled in the art. Both modes could be operated

contemporaneously by a skilled person consulting both the standard

and this specification, however this specification will positively set out

and describe the charging mode.

555255-012-132 -7-
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In reference to Figures 2, one embodimentof a system used in

the charging modewill be described presently in greater detail. In
this embodiment, all lines of USB interface 100 are utilized.

Specifically, the data D+ 120 and D- 130 lines are utilized to provide
data communication between a USBcontroller (not shown) and a

micro processor 200 of the present invention. The microporcessor
200 selectively controls soft-disconnect signal 120 to cause soft-
disconnect means means 210, such asapairof electrically controlled

switches to either connect or disconnect the microprocessor from the

USB Interface 100. Microprocessor 200 also communicates with

powerlevellimiting means 300 via set power level signal 220. The
power levellimiting means 300, such as the switched current divider
formed byaplurality offirst resistor 330 and switch 340, and a single
second resistor 350, provides a power signal 310, such as a

reference current, to charging circuit 400. Charging circuit 400 is

connected to power lines Vbus 110 and GND 140, and provides

power to an attached battery 500 which is electrically connected at
one end to the charging circuit 400, and at the other to the GNDline

140 of the USB interface.

In charging mode, the mobile device USB interface operates as

a bus-powered peripheral interface, with a temporary disregard to
communications functionality in favour of obtaining the maximum

amountof current from the USB host controller.

A method of use of the system illustrated in Figure 2 will be

described presently, in reference to Figure 3. At step 600, the
microporcessor 200 sets powerlevel signal 220 to a minimum value,
such as 0 mA. At step 610, the microprocessor sets a requested

555255-012-132 -8-
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power to a maximum value, such as 500mA. At step 620, the
microprocessor 200 sends soft-disconnect signal 210 so that a
connection to the USB interface is detected by a USB controller,

which was not expressly shownin Figure 2.

At step 630, the microprocessor monitors data lines D+ 120 and
D- 130 and waits for the enumeration process to begin. At step 640,

When connecting, during the enumeration process, the USB host

controller obtains a power request from the mobile device USB

peripheral interface. However, the USB host controller might notallot
the amount requested, and at Step 650this is determined.

in order to maximize the likelihood of obtaining a large power

allotment, the mobile device USB peripheral interface is capable of

electrically disconnecting and reconnecting using switches in order to
force a new enumeration process as if a user had unplugged and

then plugged in the mobile device USB interface to the USB host
controller. This is accomplished by steps 670 and 680 respectively,

after which the method continues at step 620.

By comparing the amount of power requested and the amount

of powerallotted, the mobile device USB interface can determine
whether or not to disconnect and attempt a request for less power.

When the amount of power obtained corresponds with the amount of

power allotted, the USB interface can proceed to operate in
communications mode. This occurs at step 660, after which the

method ends.

In communications mode, one additional element is taught by

the invention over a traditional USB device taught by the standard.

The mobile device USB interface operates as a traditional USB

555255-012-132 =
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peripheral interface favouring traditional communications wherein the

mobile device acts as either a self-powered or bus-powered

peripheral, depending on the charge state of the portable power

supply. If the portable power supply is sufficiently charged, the

mobile device can act as a self-powered peripheral bypassing the

charging mode. Conversely,if the portable power supply needs to be

recharged, the mobile device can disconnectelectrically and act as a

bus-powered peripheral.

CURRENT SENSING EMBODIMENT

In reference to Figures 4-5, a third embodiment of the present

invention will be described. The Charger Current Sense block 710

provides a signal 717 to the Charge Control block 732 analogous to

the current being drawn from the USB on the Vbusrail. The Charge 
Control block 732 uses this signal 717 to turn on the linear pass

element 727, such as a bipolar transistor, to a greater or lesser

degree by signal 727 as necessary in order that the total current does

a not exceed that required by the system. In the case of USB,this is

for example either 100mA or 500mA. In addition and as a parallel

control, the Charge Contro! block 732 monitors the battery voltage

level via the V_BAT 750 input, and controls the input current via the

linear pass element 720 such that the battery voltage does not

exceed the specified maximum, such as for example 4.20V. The

Charge Control 732 block periodically inhibits delivery of current to

the battery by switching off the linear pass element 720, and briefly

monitoring the battery level at V_BAT 750. This information is used

to determine whether the linear pass element 720 should control

solely the input current, such as monitored by the Charger Current

555255-012-132
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Sense block 710, or the input current and the battery voltage during

the following “charge on” cycle, which will be described in further

detail in reference to Figure 5 below.

In the absence of input power at the Vbus 110, the Charge

Control block 732 sets the switch 720 so that the first regulator 736

and second regulator 738 connect to and draw power from the

battery 500 via the V_BAT 750 input.

In order that the microprocessor 740 can monitor and control

the charge system operation, the actual current delivered to the

battery 500 is monitored by the Cell Current Sense block 760. This

block produces a signal ISENSE_BAT 755 that is analogous to the

actual charge current, and which is converted by an analog-to-digital
i}ta

converter, which is not explicitly shown in the drawing but is 
comprised in Charge Control block 732, and which may be read

serially by the microprocessoronaserial interface, which is also not

 shown explicitly in the drawings.

In order to favour manufacturing, a specification for an ASIC
aul

730 to be known as Esker is provided in an appendix. The ASICiin

device performs charging, battery monitoring, low dropout voltage

regulation, system reset control, and integration of a few other power

consuming functions such as proximity sensor, vibrator, and buzzer.

LDOs 736,738 are Low Drop-Out regulators. An LDO is

typically a linear regulator that can manage to keep its output within

regulation tolerance, while the input falls to only a small amount

above the output voltage. Note that regulator 738 may be a buck

switching regulator external to Esker, as it might need to supply more

current than a linear regulator could handle without overheating.

555255-012-132 ~11-
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In an embodiment using Esker, charge termination will be

performed by the microprocessor, as the charge current will be

monitored.

Note that the Charge Control block 732 also operates an

electronic switch 727 when voltage is detected at the Vbus input 110.

This switch diverts power as necessary from the source to operate

the regulators 736.738 powering the microprocessor 740, in orderto

ensure that it is possible, even in the case of a severely discharged

lithium battery 500, that the necessary communications and charge

management functions may be performed.

One significant innovation in the configuration illustrated in
= Figure 4 is that the controlled parameter is system input current,

rather than battery charge current. Varying of the battery charge current is used as the meansfor controlling (limiting) the system input 

current, thereby compensating for varying power drawn by the

microprocessor.

In reference to Figure 5, a “periodic charge” and “batteryteWallihe,
fieTall voltage compensation” method using the system of Figure 4 is

illustrated in great detail. A battery voltage curve 800 and battery

current curve 900 which illustrate the method of charging are

depicted. A constant charge current 910, such as in this example

500mA, is delivered to the battery until during a constant charge

current period 1000, for instance during the first five constant charge

current cycles 1010A,B,C,D,E in the figure. Between each cycle, the

current is stopped 920A,B,C,D,E,F and the battery voltage

820A,B,C,D,E,F (which climbs during charging) is measured. At the

end of the constant charge current period 1000, the voltage

555255-012-132
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820A,B,C,D,E is sampled to be at or aboveacritical threshold, such

as 4.2V 820F. In the next cycles 1510A,B,C,D, the charge currentis

regulated such that the voltage 830 stays approximately constant

during a constant voltage period 1500. When the sampled current

930A,B,C reaches a cirtical threshold, such as 50mA 930D, the

charging method finishes. The current is still set to zero between

constant current charging cycles 935A,B,C,D.

This methodisillustrated further in Figure 6 with a flowchart. At

step 1020, the charge current is set to zero. This corresponds to

points 920 of Figure 5. At step 1030, the voltage is sampled 820. At

step 1030, the sampled voltage is compared to a threshold, such as 
FU 4.20 V. In the event that the sampled voltage is below the threshold,

at step 1050 a constant current charging cycle as described abovein 
reference to Figure 5 ensues, aftewhich the method continues at step

1020. However, in the event that the sampled voltage is determined

 to be above or equal to the threhold at step 1030, the method

continues at step 1520 in constant current charging mode 1500. At

step 1520, a constant current charge cycle, as described above in

reference to Figure 5 ensures. At step 1530, the current 930 is

sampled. At step 1540, the current 935 is set to zero. At step 1550,

the sampled current 930 is compared to a threshold. In the event that

the current is greater than the threshold, the method continues at

step 1520. In the event that the sampled current 930 is below the

threshold, the method ends.

It will be appreciated that the above description relates to

embodiments by way of example only. Many variations on the

invention will be obvious to those knowledgeable in the field, and

555255-012-132 -13-
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such obvious variations are within the scope of the invention as

described and claimed, whether or not expressly described.
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5 Introduction

5.1 Scope
This documentdefines the requirements for an ASIC that provides power management functionality for a
low power two-way wireless PDA.

Any information and data contained in this document is subject to change by Research in Motion,
Ltd. (RIM).

Deviations from the specifications contained in this document are subject to approval by RIM.

5.2 Technical Contacts

Technical contacts at RIM for this specification are:

Mike Habicher mikeh@rim.net 519-888-7465, x2207
Jonathan Malton jmalton@rim.net 519-888-7465, x2451

5.3 Functional Description
The power supply ASIC performs the following primary functions:

1. Monitor and control chargingofthe lithium-ion (Li’) cell;

2. Provide several regulated voltage outputs to the PDA systems;

3. Provide the necessary drive circuitry for the PDA annunciators;

4. Provide voltagetranslation for the Subscriber Identity Module (SIM) interface.

3.4 References

The following documents form part of this specification to the extent specified herein:

1. EIA/TESD22-A114-A “Electrostatic Discharge (ESD) Sensitivity Testing/Human Body Model
(HBM)”, Electronic Industries Association.

2. EIA/JESD78 “IC Latch-Up Test”, Electronic Industries Association.

3. GSM 11,11 “Specification of the Subscriber Identity Module—Mobile Equipment (SIM-ME)
Interface”, European Telecommunications Standards Institute, France.

4. GSM 11,12 “Specification of the 3 Volt Subscriber Identity Module~Mobile Equipment (SIM-
ME)Interface”, European Telecommunications Standards Institute, France.

5. JESD22-Cl101 “Field-Induced Charged-Device Model Test Method for Electrostatic Discharge
Withstand Thresholds of Microelectronic Components”, Electronic Industries Association.

6. Universal Serial Bus Revision 2.0 Specification, USB Implementers Forum, Oregon.
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6 Requirements

6.1 General

6.1.1 Block Diagram

nunciator Divers

Preliminary Information

PWM_BUZ BUZ_DRV
PWe_VIa VIB_DRVa

Am (KBBL_DRV———————

 
PACK_ID

RF_ON
TXON
‘CLK_ON
PLL_ON

PLLD_ON
VOX_CN

 
Reset Contoller

‘Senel interface and Regier File 
 

 

| SiM_VoC
SIM_AST SIM Interface, Supply, and Level Shiflers RSTZSIM

SIM_CL fF CLK2SIM 
aeaes

DATAZSIM

 
 

Figure 6-1: Esker ASIC Functional Block Diagram
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6.1.2 Pin Descriptions

The symbols listed in the Type column of Table 6-2 are defined in Table 6-1 below.

Table 6-1: Key to Pin Types

   
All signals listed as digital (“D”) in Table 6-2 will be CMOS-compatible and referenced to REGI, See the
Electrical Characteristics section for details. 

Table 6-2: Pin Descriptions, Grouped by Function

[we[PageBei

aaReaonySere
Active-high control signal to enable REG4 (V_TCXO). See 6.2.11.4.||
Active-high control signal to enable REG4 (V_TCXO). See 6.2.11.4.

PLLD_ON Active-high control signal to enable REG7 (V_PLLD). See 6.2.11.7.

Active-high control signal to enable REG3.A (V2_8RF). See 0.

 
 

 

Active-high control signal to enable REG3B (V_TX). Sec 0.

Active-high control signal to enable REG8 (V_VOX). See 6.2.11.8.

Voltage regulator output 1, VCC. See 6.2.1 1.1.

Voltage regulator output 2, VCCD, See 6.2.11.2.

Voltage regulator output 3A, V_RF. See 0.

High-side load switch from REG3A to supply V2_8TX. See 0.
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Annunciator Driver Inputs

DI PWM_BUZ Buzzer/ringer driver PWM input from microprocessor. See 6.2.5.2.

tecenceerarmreeeeta|
aeaNee
ER~|Peraemeinaere:SeeT—|—

0_[TAT_RaeSramBREESE
sn [pea
[aT|WnEiSEEAST

CLK2SIM Level-shifted serial clock to the SIM. See 6.2.7.eee
2aeeeaeI
aacess
2aae
Be|ROCHAeSNomineeFea
pe[ace|eeneenaconncemerinicenea|
=aeT
a[ene|

SIM_SUPPLY|Enables the SIM power supply and output to the SIM. See 6.2.7.

SIM_VCC Powersupply for SIM. See 6.2.7.

Serial Interface

DL Serial clock signal. See 6.2.8.

ID SER_CS Active-high signal to frame serial communications. See 6.2.8.

SER_DATA Serial data between the ASIC and the microprocessor. See 6.2.8.

 
Battery Monitoring and Charging

 
Copyright © 1999-2000, Research in Motion, Ltd. Page 10
All Rights Reserved.OWIANN draft FRelar ASIC Snorifiratinn

Huawei v. FISI Exhibit 1003 - 36/59



Confidential & Proprietary Information Preliminary Information

Type Pin Name Description

|Outputtocontrolexternalpasselementduringcharging,See6.2.1.|to control external pass element during charging. See 6.2.1.HCHG_PROG|Attacheresistor from here to ground to program SeENOREeeueeneniccenacurrent charging.
See 6.2.1 and 6,2,9.2.

Al ISENSE_BAT|Lowside of|Lowsideofbatterycumentsensor,current sensor,ISENSE_H eaeside ofcharge supply current sensor. See 6.2.1.
2[aeL Lowside ofLeenBOsupply current sensor. See 6.2.1.eeLOBAT_N|Active-low, open-drain output to hard-disable the RF powera

whenbattery voltage drops. See 6.2.1.

TEMP_CHK High-side load switch output that supplies power from Vxg,r to an external
temperature sensor; also powers up an internal Li” cell voltage scaling
network for the ADC. See 6.2.4 and 6.2.9.2,

Miscellaneous Inputs and Outputs

aAUX Auxiliary ADC input, See 6.2.4.
BAT_DOOR Input to monitorthe battery doorstate. See 6.2.10.

GPOL External enable 1, controlled through the serial port. See 6.2.6.

peleGPO2 External enable 2, controlled through theserial port. See 6.2.6.||
Interrupt request signal to microprocessor; active high. See 6.2.10.

LCD_BL_EN LCD backlight enable, controlled through the serial port. See 6.2.9.2.

a Master reset: active-low signalthat initiates system reset. See 6.2.2.

Al PACK_ID Used to measure a battery pack identification voltage.

Used to measure battery pack temperature.

PROX_SW Input to monitor the proximity switch state. See 6.2.10.9.

LN

Perecceeresneeecepeel

 
Power and Ground

=

feConnectionfor the lithium-ioncell.
V_CHG Connection for USB (charging) power.

VCAPI SIM charge pump capacitor connection. See 6.2.7.

SIM charge pumpcapacitor connection. See 6.2.7.

VREF_BYP Reference voltage. AttachHPAEScapacitor hereionicsi See 6.2.3.

  
Copyright © 1999-2000,"Research iinin Motion,Ltd. Pagelb
All Rights Reserved.
AR1PENN? draft Rebar ASIC Snacifiratian

Huaweiv. FISI Exhibit 1003 - 37/59



Confidential & Proprietary Information Preliminary Information

6.1.3 Packaging

The ASIC will be packaged in a surface mountable 48 to 64-pin package with a footprint less than
100 mm”.

The ASIC will be supplied to RIM in a suitable pick-and-place-compatible tape-and-reel format.

6.1.4 ESD and Latch-Up

The ASIC will have an ESD rating of greater than 10 kV (Class 3) on the SIM interface, Voug, and Vaar
pins; and 2 kV (Class 2) on all other pins, as per ELA/JESD22-A114-A “Electrostatic Discharge (ESD)
Sensitivity Testing Human Body Model (HBM)”.

The ASIC will be tested in accordance with JESD22-C101 “Field-Induced Charged-Device Model Test
Methodfor Electrostatic Discharge Withstand Thresholds of Microelectronic Components”.

The ASIC will be tested in accordance with EIA/IESD78 “IC Latch-Up Test”.

See the Absolute Maximum Ratings section.

6.1.5 External Components

6.1.5.1 Magnetics

External magnetic components required by the ASIC will not exceed 7 x 4x 2.5 mm (Hx W xD)in size.
These devices must be surface-mountable and incorporate an effective form of magnetic shielding to
minimize radiated interference in the surrounding circuits. An example of such a part is Coilcraft
DT1608C-103.

6.1.5.2 Capacitors

Capacitors will be surface-mountable low-ESR ceramics.

6.15.3 Resistors

Resistors will be surface-mountable metal-film chip resistors.

 
6.1.5.4 Other Devices (Transistors, etc.)

Aside from the pass element required for charging, the ASIC shall not require any external active devices.

6.1.6 Input Power and Power Sequencing
A rechargeable lithium-ion cell provides the main power to the ASIC. The system shall start up and turn
on REG] and REG2 whena supply voltage ofVgar 2 Vgaton is attached.

If REG] and REG2 are on and Vgay falls below Vaarors, REG1 and REG? and any other enabled
regulators shall turn off and remain offuntil Vgar rises to Veron again or a chargeris attached.

If Var < Vpaton and the charger is connected, REG] and REG2 will be enabled to power the
microprocessor. (The processor will, in turn, attempt to activate the high-power mode of USB to charge
the primary cell, but the details of this process are beyond the scope of this document.)

When REG] and REG2first turn on, RESET_N will be held low to ensure that all external devices are
properly initialized. See 6.2.2.

Under normal operating conditions, REG and REG?will never turn off while Vgar 2 Vearors. However,
a special sequence of bits written to a register via the serial bus shall allow software to turn off these two
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regulators to drop current consumption to an absolute minimum. See 6.2.8. In this state, the ASIC may be
turned on byeither removing and replacingthe lithium-ion cell or by attaching a charger.

A high-level summary of the power sequencing is presented in Figure 6-2.

 Li* Cell Anached
And Var > Vaxron

Vewes * Vestn Software TggeredAnd Tum-Cft
vyata >RTT

REGand
REG2 On,

Extemal Reset

vy,ReonOF
Vagea © Vaerne:

 
Figure 6-2: Power Sequencing

6.2 Modules

6.2.1 Battery Monitoring and Charge Control

The battery monitoring subsystem is responsible for notifying other subsystems of when specific voltage
thresholds have been reached so that those subsystems can respond appropriately.

Voltage-sensitive effects are described in the sections where they apply.

6.2.11 PA_LOBAT_N

This signal is intended to kill the RF power amplifier in the event the lithium-ion cell goes unexpectedly
under voltage.

PA_LOBAT_Nshall be asserted when Vazfalls below Vparpry forat least tparpp.

PA_LOBAT_Nshall be an open-drain output requiring an externalpull-up resistor.
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6.2.1.2 Charging

Thelithium-ion charger may be powered from a USB port, an AC wall adapter, a car adapter, or any other
source providing a supply of Vera.

To minimize power consumption when not charging, the charging circuitry shall be powered from the
V_CHGpin and shall be shut down when nocharger is attached. This shall include any circuitry required
by the ADC to make charge current measurements. See 6.2.4.

During charging, the REG], REG2, and REG4regulators shall be powered from V_CHG. This will allow
the PDAto turn on even whenthelithium-ion cell voltage is below Vpaton-

When the ASIC is not charging the lithium-ion cell, REG], REG2, and REG4shall be powered from the
lithium-ion cell.

The other regulators shall be powered off the lithium-ion cell and may be turned on at any time; the
microprocessor will be responsible for ensuring that they remain offwhen there is insufficient charge in the
cell,

By default, the lithium-ion charger shall be disabled when a supply is first attached to V_CHG; the
microprocessor will be responsible for activating the charger and for setting the charge level. See 6.2.9.2,
The low and medium charge currents—Ioycr, and Icuam, respectively—shall be programmed internally.
Attaching a suitable resistor to HCHG_PROGshall program the high charge current, ICHGH,

The charging subsystem shall be based on a linear scheme, with the high-side pass element external to the
ASIC.

Because the PDA shall be USB compliant, the amount of current the entire PDA can draw from the USB
port to which it is attached shall be limited to either Icucr or Icyou, as determined by the microprocessor.
As such, the ASIC shall monitor the current flowing into the PDA from the USB host and adjust the
charging current flowinginto the lithium-ion in response to the demands of the microprocessor to maintain
the total current draw within the aforementionedlimits.

 
aaEton

A conceptual view ofthe charging subsystem is contained in Figure 6-3 below. 
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Charge Control! 
 

Microprocessor

Figure 6-3: USB Charging Concept

The ISENSE_H and ISENSE_Lpins will allow the ASIC to measure the voltage across a sense resistor to
determine the current being drawn by the PDA.

To determinethe current flowinginto the lithium-ion cell, the ASIC will measure the voltage across a sense
resistor between the V_BAT and ISENSE_BATpins. It is this current that shall be measurable by the
ADCas per 6.2.4.

The DRIVE pin will control the external pass element.

If the lithium-ion cell voltage is below the internal low-voltage threshold ofVexerernthe charger shall use
a trickle charge of Icy¢7r to condition the primary cell until the voltage of the battery reaches VeucrremA
preconditioning timer with a timeout period oftey¢re shall be provided for additional safety.

Lithium-ion charging shall be constant-current/constant-voltage. That is, once the lithium-ion cell voltage
has reached Vonorue, the charge current shall be gradually reducedto hold the cell at that voltage until the
currentfalls below Icugry, at which point the charge current shall be turned off. Current-based charge
termination will be handled by the microprocessor.

The ASIC shall allow programming ofVoycrig threshold via metal mask changes such that a future change
in the cell chemistry is easily accommodated. The requested thresholdsare listed in Table 6-3 below.

Table 6-3: Charge Termination Thresholds

VW_BATrising edge (V) Cell Technology

 4.25 Future Development

4.20 Li Cobalt, Li Polymer

4.175 Li Nickel
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6.2.2 Reset Controller

Thereset controller works with the battery monitoring system to ensure that the digital power supplies have
had timeto stabilize before allowing the execution of any program code. This ensuresthat all devices start
up in a known state.

The RESET_Nsignal shall already be asserted when REG1 and REG2 turn on, One approach may be to
power the low-output driver from V_BAT or V_CHG,while powering the high-output driver from REG1.

 

 
  

  

 

 

 

The RESET_Nsignal shall be asserted whenever one of the following conditionsis met:

1. REGI and REG?first turn on;

2. the output of REG] or REG? falls below Vpsrim or Vesrmz, respectively (in which case
RESET_Nshall remain asserted until both supplies are abovethis threshold again);

3. the MR_Npin is pulled low for at least the period tystar;

4. the appropriate bit pattern is written to the CONTROLregister (see 6.2.9.2).

The MR_N pin shall have an internal pull-up to REG] of Resmmrru-

Regardless of the condition that caused the reset, the RESET_N signal shall be asserted for a minimum
period of tasrp.

Thereset controller shall also generate an internal ASIC reset signal on conditions 1 and 2 to ensure that
the register file is properly initialized. See 6.2.9.

6.2.3. Bandgap Reference

An internal low-power bandgap cell voltage reference of Veg will be provided, and may have an external
bypass pin if required. This reference will be low noise and have an accuracy of AVpgp or better over
temperature. The bandgapcell will be suitably buffered to provide other references as required.

 
6.2.4 Analog to Digital Converter with MUX
Analog to digital conversions are initiated after a request via the serial port. The converter shall have
10 bits of resolution with accuracy as specified in the Electrical Characteristics section, including errors
introduced from input scaling.

Asix-channel analog MUX will select among the following four input sources:

\. the lithium-ion cell voltage (at the V_BAT pin);

2. atemperature sensor (National Semiconductor LM20 or similar);

3. avoltage equivalent of the charge current flowing into the lithium-ioncell;

4. three external voltage source: one to measure the battery pack identification, one to measure
battery pack temperature, and one additional auxiliary source.
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The ranges of each ADC input will be determined by RIM. Thelithium-ion cell voltage will be scaled
internally in the ASIC. To minimize current consumption, this scaling network will only be powered when
the TEMP_CHK signal is on. See 6.2.9.2.

The auxiliary input will not be scaled.

The temperature sensor will range from -55°C to 130°C, which shall be converted into a 10-bit unsigned
binary value, using the full ADC input range.

The ADCshall be able to measure charge current over the range specified in the Electrical Characteristics
section, converting it into a 10-bit unsigned value, using the full ADC input range.

See 6.2.9.5 and 6.2.9.6 for details on the ADC softwareinterface.

6.2.5  Annunciator Drivers

Drive circuitry for four annunciators is required. The microprocessor will provide high frequency PWM
digital signals (referenced to REG1) to the ASIC to allow for efficient control of power to the four
annunciators. The ASIC will use these signals to control four high-current drivers that will switch the
annunciators on and off.

6.2.5.1 Vibrator Motor

This driver will pull the VIB_DRYV pin to ground to drive a miniature vibrator motor. This driver shall
have ‘inductive kickback’ protection to the primary voltage source.

6.2.5.2 Buzzer/Ringer

This driver will pull the BUZ_DRVpin to groundto drive an acoustic buzzer. 
6.2.5.3 Keyboard Backlighting LED Array

This driver will pull the KBBL_DRYVpin to groundto drive an array of LEDs

6.2.5.4 Notification LED

This driver will pull the LED_DRYpin to groundto drive a single LED.

 
6.2.6 General-Purpose Outputs

GPOl1 and GPO2 are two external outputs controlled by the serial port. These are intended for future use,
and are referenced to REGI. See 6.2.9.2.

6.2.7 SIM Interface

This block shall conform to the GSM 11.11 and 11.12 specifications. In the event of discrepancies
between this specification and GSM 11.11 and 11.12, GSM 11.11 and 11.12 shall be taken as correct.

This module shall provide appropriate power to the SIM and also translate voltage levels between those
used in the PDA and those used at the SIM (currently 3 V and 5 V).

To generate the required 5 V, this module shall use a switched capacitor charge pump topology with the
output capacitor connected across the SIM_VCCpin and ground, and the pump capacitor across VCAP1
and VCAP2.

REGwill supply the powerto this block. The control logic for this module is summarized in Table 6-4
below.
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Table 6-4: SIM Interface Operating Modes

Operating Mode

SIM_SUPPLY

  
 

 

 
 

Input Signals

REG1|SIM_DET

x L  

 
Offmode 

SIM supply disabled: SIM_VCC open

RST2SIM, CLK2SIM, and DATA2SIM low

 
 
 Power-down mode

 
 
 

Program for 5 V operation

SIM supply disabled: SIM_VCC open

RST2SIM, CLK2SIM, DATA2SIM low

  
 
 

Power-down mode

Program for 3 V operation

SIM supply disabled: SIMVCC open

RST2SIM, CLK2SIM, DATA2SIM low

Normal operating mode SIM supply enabled

SIM_VCC =3 Vor5 V

 
 
 

  
 

6.2.8 Serial Interface

The serial interface between the microprocessor and the ASIC shall be a three-wire interface using a bi-
directional data line. The bus shall be host-centric, with only the microprocessor driving the SER_CS and
SER_CLKsignals.

Fe Information inside the ASIC will be stored in registers, which the processor will access by specifying an
address.

The SER_CSsignalshall controlthe serial bus as indicated in Table 6-5 below.

 
Table 6-5: SER_CS Bus Behaviour

Bus State

Businactive

SER_DATAhigh-impedance

Bus active

SER_DATA depends on whetherdata is being read
from or written to the ASIC

Bus reset

Ensures that the bus becomes active in a known

state, independent of any previous operations
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Protocol: TBD.

6.2.9 Register File

Theregisters that the ASIC will implement are summarized below in Table 6-6.

Table 6-6: ASIC Register File

00000|ASIC_ID Returns a bit-pattern identifying the ASIC revision

00001|CONTROL|Controls the GPO pins, LED_BL_EN, TEMP_CHK, and
charging

00010|IRQ_EN Set bits here to enable interruptible events to assert IRQ

RUA

a

The following sections describe the registers in more detail. Table 6-7 defines the notation used in the
Attributes field of each register bit.

 
Table 6-7: Bit Attribute Definitions

Bit is read-only

|
Bit can be read and written

 
 

=|Bit defaults to 0 on reset
pt Bit defaults to 1 on reset
fe|Bit is undefined on reset
 

Writing to a read-only bit shall be allowed but shall have no effect.

6.2.9.1 ASIC_ID Register

This register allows the microprocessorto identify the revision ofthe power management ASIC.

D7 D3 D1aa
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PCTPPP
|

This register is read only.

   
The ASIC will incorporate the ability to reprogramthis register through metal mask changes.

6.2.9.2 CONTROLRegister

This register controls various output and controlsignals.

I
EsAllaaacee ba
|

When one of the LCD_BL_EN, GPO1, or GPO2bits is set to 1, the corresponding output pin will be a
logic high. Conversely, when one ofthese bits is cleared to 0, the corresponding output pin will be a logiclow.

When the TEMP_CHK bitis set to 1, the TEMP_CHK. pin shall be connected to Vgar to power an external
temperature sensor, and the Vgar ADC scaling network will be powered up. Conversely, when the
TEMP_CHK bitis cleared to 0, the TEMP_CHK pin will be disconnected from Var and the lithium-ion
scaling network will be unpowered.

The CHG1 and CHG0bits specify the modeofoperation for the charger, as described in Table 6-8 below.

  
 

  
   

 
Table 6-8: Charger Modes

LOW1 The charger will adjust current flowing into
the lithium-ion cell to limit the current drawn

from the charger supply to Teygr.

     
  
   
 
   

 ‘The charger will adjust current flowing into
the lithium-ion cell to limit the current drawn

from the charger supply to Ioyga,.
  
  

 

—_

1 
 
 

The charger will adjust current flowing into
the lithium-ion cell to limit the current drawn

from the charger supply to an amount
determine by the external programming
resistor on the HCHG_PROGpin.

 

  
   

The OFFbit is a write-only bit that can be used to turn off the ASIC and disable REGI1 and REG2 as
described in 6.1.6. To turn off the ASIC, the pattern 1, 0, | must be written to this bit on three consecutive
register writes, Once in this state, the ASIC may be turned on again as per 6.1.6.
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The F_RSTbit is a write-only bit that can be used to force a system reset (see 6.2.2). To force a system
reset, the pattern 1, 0 must be written to this bit on two consecutive register writes.

For both the OFF and F_RSTbits, any serial transactions that interrupt the required patterns shall reset the
pattern-matching circuitry.

6.2.9.3 IRQ_EN Register

This register allows the microprocessor to specify which interruptible events will cause the IRQ signal to
be asserted.

Se ee
IR

   
   

Description|CHG_DET|PROX_SW|PA_LOBAT O_VOLT|U_VOLT|SER_ERR|BAT_DOOR|SIM_DET

When a bit is set to 1, the corresponding interrupt is enabled and will cause the assertion of IRQ.
Conversely, when a bit is cleared to 0, the corresponding interrupt is disabled and will not cause the
assertion of IRQ.

  

  

See 6.2.10.

6.2.9.4 IRQFLAG Register

This register keeps track ofwhichinterruptible events have occurred.

 
 
 

   

 

Bit D2 Dee
|SOeES

When an interruptible event occurs (see 6.2.10) the correspondingbit in this register will be set—even if
the event is disabled in IRQ_EN.

 
After the microprocessor has read this register, all its bits will be cleared and the IRQ line will be de-
asserted.

Anyinterrupts that occur while this register is being read or cleared or while IRQ is being de-asserted shall
be caught, causing continuedassertion or reassertion of the IRQ signal.
See 6.2.10.

6.2.9.5 ADC_CTRL Register

This register controls the operation ofthe analog to digital converter and the MUX,

Cssea
ErAaOBallala

  
 

   
 Attributes
 

Bits CHO and CHI shall select the MUX channel to convert, as defined in Table 6-9.
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Table 6-9; ADC MUX ChannelSelection

CH2 CHi CHO|MUX Channel

  

  

0 V_BAT

0 0 1 TEMP

0 i 0 I_CHG

0 1 1 AUX

1 0 0 PACK_TEMP

1 0 I PACK_ID

1 1 0 Reserved

1 1 1 Reserved

The ADC shall initiate a conversion when a 1 is written to the ADC_INIT bit. Once a conversion has
started, further writes to this bit shall have no effect—it shall remain fixedat1.

When the conversion is complete, the ASIC shall first write the result into ADC_RES,and then store a 0 to
the ADC_INITbit and set the appropriate bit in IRQ.FLAG.

Measuring V_BAT and TEMP will require the TEMP_CHK signal to be on. See 6.2.4 and 6.2.9.2.

6.2.9.6 ADC_RESRegister

After an analog to digital conversion, this register will contain the unsigned binary result,

P=eeeeeme
eer|||]|||[||
a

6.2.9.7 INPUT Register

This register shall contain miscellaneous inputs.

i
CHG_DET|PROX_SW alldasa PA_LOBAT|CHGON BATDOOR|SIM_DET

The RESETbitshall be set to | ifthe last reset sequence wasinitiated by asserting the MR_Nsignal. This
bit shall be cleared to 0 if the last reset sequence was initiated by a battery-insertion or under-voltage
condition,

  
   
 
 

 

 

   

The SIM_DET, BAT_DOOR, PA_LOBAT, and PROX_SW bits shall provide latched versions of the
current state of the BAT_DOOR, SIM_DET, PA_LOBAT, and PROX_SW signal pins.

The CHG_TRbit shall be set to | if the charger is currently on and operating in trickle charge mode(see
6.2.1.2). This bit shall be cleared to 0 otherwise.

The CHG_ONbit shall be set to | if the charger is currently on. This bit shall be cleared to 0 otherwise.  
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The CHG_DETbit shall be set to 1 when a voltage Vong is detected on the V_CHG pin. This bit shall be
cleared to 0 otherwise.

6.2.10 Interrupt Controller

An interrupt request line (IRQ) shall notify the processor of the noteworthy events listed in Table 6-10
below. Whenoneof the events in Table 6-10 occurs, the corresponding bit in the IRQ_FLAGwill beset,
and if the correspondingbit in the IRQ_ENregisteris set, the IRQ signal will be asserted. Once the IRQ
signal has been asserted, additional interrupts will update the appropriate bits in the IRQ_FLAGbutthe
IRQ signal will remain asserted.

Anyinterrupts that occur while this register is being read or cleared or while IRQ is being de-asserted shall
be caught, causing continued assertion or reassertion of the IRQ signal.

Table 6-10: Interrupts Generated by Esker
Condition   Name

O_TEMP

|2ever Veat rises above Vepatov for greater than tovuve
U_VOLT Vpar drops below Vparuy for greater than toyuyp

3 SER_ERR Serial communication error (invalid address, bad framing, etc.)
4|BAT_DOOR The battery door has been opened

The SIM door has been openedor closed

6|ADC The ADC has completed its measurement

The PA_LOBAT_Nsignal was asserted

|*|PRORSw The proximity switch has opened or closed
,2|Seer|The V_CHGpin hasentered orleft the Veg range

Reading the IRQ_FLAGwill causeall the bits in that register to be cleared and will de-assert the IRQ
signal,

 
 

  
 

 
 

 
  
   

  
 

 

 
  

 
 

 
 

 
 

 
 

  
  

6.2.10.1 O_TEMP Interrupt

This event shall occur whenever the ASIC die temperature exceeds Tyryrax.

6.2.10.2. O_VOLTInterrupt

This event shall occur wheneverthe lithium-ion cell falls below Veatuv for tovuyp.

6.2.10.3 U_VOLT Interrupt

This event shall occur wheneverthe lithium-ion cell rises above Veartov for toyyyp.

6.2.10.4 SER_ERR Interrupt

This event shall occur whenever the serial port on the ASIC detects an error in the serial communications,
including:
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1. the microprocessor specified a bad address;

2. the last transaction was not completed.

6.2.10.5 BAT_DOORInterrupt

This event shall occur whenever the BAT_DOORsignal changesstate.

6.2.10.6 SIM_DETInterrupt

This event shall occur whenever the SIM_DETsignal changesstate.

6.2.10.7 ADC Interrupt

This eventshall occur only after the ADC has completed a conversion and storedtheresult in ADC_RES.

6.2.10.8 PA_LOBATInterrupt

This event shall occur whenever the PA_LLOBAT_N signal is asserted. See 6.2.1.1.

6,2.10.9 PROX_SW Interrupt

This event shall occur whenever the PROX_SW pin changesstate.

6.2.10.10 CHG_DET Interrupt

This event shall occur wheneverthe voltage on the V_CHG pin rises above orfalls below Vey.

6.2.11 Regulators

There will be nine regulated outputs, derived from eight regulators. Each regulated outputwill allow a
+200 mV range ofoutputs (in 100 mV increments) through a metal mask change.
The regulators must be stable with the capacitive load profile given in the Electrical Characteristics as a
minimum. It is desired that all regulators require a ceramic capacitor with no series load resistor in order to
maintain stability,

 
Each regulator must meet its noise and tipple specs with any or all of the other regulators going from a
minimum or quiescent currentto full peak load within a 10 ps time frame.

An indefinite short circuit on any output shall not cause any permanent damageto the ASIC.

6.2.11.1 REGI: Digital /O

REG! supplies power for the memory devices and input/output portions of the system (VCC) at Vasc.
This regulator will need to have sufficient load-to-line rejection that will be determined by RIM. This
regulator shall be enabled asper 6.1.6.

6.2.11.2 REG2: Digital Core

REG2 supplies powerto the core ofthe microprocessor, the real-time clock (RTC), and digital portions of
the baseband processor (VCCD),all at Vergo. This output shall be enabled as per 6.1.6 and 6.2.1.2.
The components using this supply have very rapid current transitions and high peak-to-average current
ratios. Therefore fast transient response for this output is important. This regulator will need to have
sufficient load-to-line rejection that will be determined by RIM.
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Furthermore, because the drop to Veg: from Vere or Vpar is large and the potential currents so high, a
switching power supply is required to limit heat dissipation and to maximize efficient use ofbattery power.

The switching power supply will be included in the ASIC unless such a design prevents the meeting of the
noise specifications for those linear regulators whereit is a critical parameter. In this case, RIM mayallow
an external solution.

The exact configuration is left to the designer, but possibilities may include:

1. use of a switching power supply to provide VCCD directly;

2. use of a switching power supply to power REG2;

3, use of a switching power supply to provide VCCD under high load conditions, and powering
REG? from V_BAT/V_CHG underlow load conditions.

4. use of a switching power supply to power REG2 under high load conditions, and powering REG2
from V_BAT/V_CHGunder low load conditions.

Options 3 and 4 are put forth because the current draw from the VCCD rail may range from Ipegsus to
TgEG2; and switching power supplies tend to have poorefficiency at low loads.

The switching power supply shall limit ripple on the lithium-ion cell to AVgarsw OF less.

The switching power supply will have an efficiency ofNreGosw or higher under full load conditions.

6.2.11.3 REG3: Radio Analog

REG3 supplies power for the analog sections of the radio at Vpgq;. This includes the analog supply to the
front-end and IF stages of the radio receiver, and the transmit portions of the radio. REG3 shall be split
into two outputs: REG3A, which will be the main regulator output; and REG3B, which will be connected
to the main regulator output via a load switch.

REG3A (V_RF) supplies power to the transceiver. REG3B (V_TX) supplies the transmit section and is
required to turn on and turn off quickly, with times tpeczpon and trrcsporr, respectively. When disabled,
REG3A and REG3B will be pulled down belowthe low threshold by Rsprrgsa and Reprrais, respectively.

Control of the REG3A and REG3Brails is provided by the two inputs RF_ON and TX_ON. Thefollowing
table illustrates the state ofeach line.

RF_ON TX_ON|REG3A REG3B

Disabled Disabled

Enabled Disabled

Enabled Enabled

 

r:i xrIr
62.114 REG4; TCXO

REG4 (V_TCXO)supplies power to the temperature-compensated crystal oscillator (TCXO) at Vaxcgs, and
as such needs to be very low noise, and have high ripple rejection. When disabledthis regulator outputwill
be pulled down below the low threshold. REG4is controlled by the input CLK_ON.

  Disabled

H Enabled
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62.11.45 REGS: PLL

REGS (V_PLL)supplies power to the phase locked loop (PLL) at Vaxes, and as such needs to be very low
noise, and have high ripple rejection. When disabled this regulator output will be pulled down below the
low threshold. REGSis controlled by the input PLL_ON.

 Disabled

Enabled

 

 
6.2.11.6 REG6: Analog Baseband CODEC

REG6 (VCCA) supplies power to the analog sections of the baseband CODEC at Vprce. REG6 is
controlled by the input ANA_ON.

 Disabled 

 Enabled

6.2.11.7 REG7: PLLDigital

REG? (V_PLLD)supplies power to the digital portion of the PLL system at Vpgg7. REG7is controlled by
the input PLLD_ON.

PLLD_ON REG7

Disabled

Enabled

 

  
6.2.11.8 REGS8: Voice-Band Analog

REG8 (V_VOX) supplies power to the analog voice-band circuitry at Varcs, and as such needs to have
very low noise and high ripple rejection in the audio band.

REG8is controlled by the input VOX_ON.

VOX_ON REGS

Disabled

Enabled

 

  
6.2,11.9 Suspend Mode

When the PDA enters suspend mode, only the digital regulators REG1 and REG2 and the SIM card supply
will be turned on. In this mode, the current drawn from REG] and REG? will drop to Irecisus and Ipgcosus,
respectively, or less; their output voltages shall remain within the specified limits, although their AC
characteristics may be compromised.

Total quiescent current drawn by the ASIC shall not exceed Igus.

ee
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7 Electrical Specifications

7.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted).

Operation beyond maximum ratings may cause permanent damage.

Pin voltages:

VIB -0.8 to +7.0 V

Other supply input and output pins -0.3 to +7.0 V

All other input/output -0.3 to +7.0 V

TBD @ 25°C (derate at TBD mW/°C)

 

Maximum junction temperature

Lead temperature, soldering

(1.6 mm from case for 10 sec.)

ESD sensitivity:

DATA2SIM, CLK2SIM, RST2SIM 8kV HBM minimum

CHARGE 8kV HBM minimum

All other pins 2kV HBM minimum
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7.2 Electrical Characteristics

3.3. V<Vpar < 4.2 V, temperature = -40 to +85°C unless otherwise noted.

 

 

 

  

Lithium-ion input voltage [Ver||Tepy{vf
Charger input voltage Vig|43t|SVP

CaretarewomVereFlaw}_}_i¢ait_|—__Hloncm| 500|mA

Current consumption in suspend Isus 100|WA Treo S Irecisus
mode IrEG? = Ini

Junction temperature interrupt i|| TBD P| °C Specified by designer
aee |

e5a

 

a ee

Tor Ou +1] pA|Va=Hork
rOutputcurent—~idIoSSC~dNSCSC~é—~C*dLSCSCS™~dCSC‘;C;SSC*daASinksource

FOutputhighvoltage«(|Yoon«|Wer-02|||Ton SI
|Outputlowvoltage(VpnSOd|SCC~dCC(s;‘CSC*d;CCCTVSt

Von p—8TVaaes[Ff______—O.25Vec|V|Ss
GPOoutputcurrent}lana)|TCCC~dSCC“‘C;SWCLmACTU
inputrisevfall-timei(itmtp|——*+|~——S|~—SSS—Sidssfrommicroprocessor_|

 Outputrise-/fall-time_|tontop|«(|~~~*(|~—S—Sid0[ns’_|_ to microprocessor
poeeee  

 
 

 

 
 

  

Battery Monitoring and Charge Control

Lithium-ion trickle-charging Veacrerit 2.4 2.5 2.65
termination threshold voltage
Trickle-charge current Ssii
Trickle-charge timeout periodaeogcee,ee
Lithium-ion charge termination VoHGTHR 4.242|V See 6.2.1.2
threshold voltage

current

threshold hysteresis

activate REG] and REG2

Lithium-ion threshold voltage to|Vaatorr | 2.55||Vvdisable REG1 and REG2
|VeartisingLithium-ion over-voltage threshold|Vaatov Vear rising

threshold

period

PA_LOBATassertion threshold|Voarsm[|3.00]|31S|
PA_LOBATassertion threshold VPALBHYS 7
hysteresis

PA_LOBATtimeout period tparpe|—CsCSs

Approximately C/10AT

Lt
ho UA WA

=jh
oo!to oOn <=

,
ie “a ta
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bpOn

Bi<<
le
 

Copyright © 1999-2000, Research in Motion, Ltd. Page 28
All Rights Reserved.
A219K60N9 draft Belar ASTM Snorificatinn

Huawei v. FISI Exhibit 1003 - 54/59



 

Confidential & Proprietary Information Preliminary Information

PARAMETER [Symbol|Min|Typ|Max_|Units|__—Conditions_— 

Bandgap Reference

|TBD]CV Voltage dictated by design
|Referencetolerance|AV=|OT|0.1]%|Overtemperature
po

Analog to Digital Converter and MUX

temperature, over voltage
 

SeCEaeee a1)A
[IoiginputrangeiCTLC—“‘i(KSCOCCCCTTTCC“‘#STC*C:C#C#C(#(é#NOMZ3[MAOTCC“‘CSC*CisS

[Auniliaryinputrange||Tp||Vag|V|ForAUTndA
[inputleakagelingSA

[Channelacquisitiontime|taqq|_|TBD|_[us|Specifiedbydesigner
[Conversiontime[ta|||as

De
!| Annunciator Drivers

BUZ_DRYonresistance Reuz

i BUZ_DRV peak on current aBUZ_DRV duty cycle

BUZ_DRVoffleakage ea

J)
Deitel

Tsuz =300 mA
PWM_KBBL=H

 
 

 

 
 

9rel
Q

% 
pe

1

|0S|yA|PWM_XBBL=L|
*=| KBBL_DRV onresistance Reger 1} Q Ixpat = 250 mA

|KBBL_DRVdutycycle| aeaeee
KBBL_DRV off leakage me||_—i|05[pa|PWMKBBL=L__|

PWM_LED=H

|380{mA|
| dL

LED_DRVpeak on current [Tippee|
|LED_DRYVduty cycle |

LED_DRVoffleakage lie[|

VIB_DRYonresistance oe| 1/9 lym = 170 mAPWM_VIB =H
VIB_DRV average on current pT po

Vpat = 4.1 V

ViB_DRV officakage vm||dSga|PWV=
FAnmuneiatortransitionfequenty—|fag[10]|e

iepa

a = %

0.5 PWM_LED=L
 “Fr 

SIM Interface (refer to GSM 11.11 and 11.12)

Chargepumpcapacitance|Canwp||TBD|uF] Specified by designer
SIM_VCC output capacitance|Camco|]TBD||uF|Specified by designer
SIM_VCCoutput voltage Vem 4,5 5.5|V SIM_SUPPLY = H

SIM_PROG =L

Toma =l10mA
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PARAMETER|Symbol|Min__|Typ|Max_|Units|_Conditions_|

reeeSIM_PROG =H

m= 6 mA

— a SIM_PROG = L

|kHz|
  
 
 
 

 

 
 
 

 
SIM_VCCoutput current

SIM_SUPPLY =H
SIM_PROG = H

 
 

 
 

 

 
  
 
 
 

 

kHz {|
|OutputrippleAVOo]CTCd0mVSIM-PROG=L

|Turn-ontimesdtemo||ms|Fromstand-bytoSVV
|Efficiencydtpw||Yd

Frequency on fomerefit__}_s|Miz|ShPROG=__SIM_CLK/LS_SIM_CLK P|

Duty cycle on LS_SIM_CLKmehe.a.% 50% duty cycle onSIM_CLK

SIM_DATA/LS_SIM_DATA
LS_SIM_RSThighlevel output|Vsninsron {__Vsm-0.7]|Vg|V
voltage 08Vsm]TVsae|
LS_SIM_RSTlow level output|06 TV SIM_PROG =L
voltage PotO.2Visn|
LS_SIM_RSTrise-time po400Ts
LS_SIM_RSTfall-time Po0s

 
aleAGFAi

  
voltage

LS_SIM_CLKlowlevel output|Venenror,ffsV*..|voltage eeee

ISSIMCURseme|tones|____}______}___ig}ms|SIM-PROG=1_poST

PSSIMCLKfalime|tsmor|—____}____f__is{ns[SIM-PROG=1_poOT

eeel|voltage

LS_SIM_DATAlowlevelinput Vewpsra,|__DS1___t___08}V__|SIMPROG“1__voltagepoOP0.2nu|

nara[meeeoeTavoltage

cigs[MooreEYvoltage

[LS_SIMDATAnisetime|temas||tsSS
|LS_SIMDATAfalltime[tomar[||CdCsSC—C~—‘CSCSCd

nnneeeeeeeeeeee

|ClockspeedonSER.CLK[ferry[CdCSTMBs[OOC~C~idC

IRQ signal; sce 6.2.10
lomaremaemaeeneeuss4,-4.1...¢|

 
 

Low Dropout Regulators

 REG1 (VCC, Digital I/O
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2eeeeeeeea
Loadcunentneecma

[Lineregulation[Vasu|005|0|005% aveBATSOV
esaea TmAS To Te|B fy<100KHz

Treci

poTBDmA
uipuleapedionaa)a|Spiyareee

REG?2(VCCD, Digital Core

|Outputvoltage|VireoSTVOverfullcurrentrange_|

a|SuspendmodeJoadcurrent|Trecasus|02|mA
_ [DropoutvoltageSd‘|SSC—S~dCSSSCSCS~sSCSS~S~OOmV|Trg=Tm

Line regulation Aenea}____>________00°4 4VSV_BATS6VLoad regulation LAVagcaups||eeeal LmA £ Troan $ Tes|Supplyrejection|PSRRee|OOPBY fay< 100 kHz
eej Trec2

eeSpecified by designer-[Switching supply efficiency|tasmsy|85[_90[_—_+Switching-induced tipple on AVnarsw 10 oe
eraion cell
REG3 (V_RF and V_TX, Radio AnalogTT
Output voltage Vrecs 2.9 Over full current range

RF_ON 2 Vom
|Loadeurrent|MagsSOmA

Dropout voltage AaghgeUPONa
[Lineregulation|AVascusa_|___|__|005%_JavevBaTsov_|
[Loadregulation|AVnscupe|__||_9|mV__]1mASThonp<hegs|

 
  

 
 
 

 

  

 
  

 

 

PSRRucs [a-Si
aeeee

FumoimeSrREGIS[soo
txsomon |||0fpsPS

POutputnoiseidewes=|dTSiOgg|LKPTO
[Peakshortcircuiteurent|Irsaso|*(|+dteD[mA|

FOutputeapacitor|Cones|————*d|~—TD|«dy_|Specifiedbydesigner|

resistance

[REGRDlidswitchonesies|Reseaes[||098| aemA

resistance

eSNSREREA

Sane voltage =|2.925 FOP308] v Over full current rangeCLK_ON 2 Voy
Load current liege||imaSS
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[PARAMETER_———C—C=sd|«—SsSSymboll_|Min Typ Max Units Conditions
|DropoutvoltagedTVarco|200mVThon=Tage

  
 
 

 

 iPSRRescs

———— fry = 250 kHztercso |paaa10 kHz < f< 100 kHz
Teese|S|SsCd]SCTBD[mA|CSCCidC
PCorsce|CLCTBD|Specifiedbydesigner|

PptCsT“e®Ci‘iSC“($C _

Tres
Vercspo

: PT

|AVercsrye||0.05|% 4V<V_BATS6V
[AVescsume| 9[mV__| 1 mA<broap<Iercs

|PSRRasos|__69 dB|fy < 100 kHzPO
t|Cd
€.

 

  

 

 

  
 
  

   

pofi=250K 
 

TT
ee To kAiz <F< 100 kelz

 

Over full current range
ANA_ON > Vp,

Load current Trece
Dropout voltage Vercepo Troap = Trace

  
 

  

 
 

 

<e

,a,Na.
oo

 
 
 

 
 
 
 
 

 
 

Load regulation REG6LDR mV 1mA S Troan $ Ik

— eaefy = 250 kHz

Peak short circuit current Trecese

=|Lineregulation|AVascare| 0.05|% |4VSV_BAT<6V
es 9
PO
  
 

 
 
 

 
 

 
 
 

 

Output capacitor

Output voltage

Load current

Dropoutvoltage

 
 

 

Load regulation

powTT
Peak short circuit current | [mAff

Line regulation Asse

Output capacitor
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 PARAMETER [Symbol|Min|Typ|Max|Units|__—Conditions_

 
 

  

VOX_ON 2 Vor:

TreesfrTTSC~*wYSSOSOT|.—<C*é~SSOmAOT

[Lineregulation|AVescune||——S——*d|~SSCiOS|%AVV_BAT<6V|
Loadregulation|AVescame|Ss]—SSSC~dTCSSSCSCSmVmASTrompSTrncs

PSRRascs pftabi100ie_0
tom||*i|—8{usJ

[Tum-offtime——~*ditencworr|sd~SS—~idCts*‘“<;*~‘idsSP
rOutputnoiseSSSS™S™S™~dsc=|CTCOCSC~SYT80|Vas|LOK<P<100K
[Peakshortcircuitcurrent|Treceso| a|ee|Outputcapacitor|Corns,| TBD Specified by designer
reCOSCC—CtsC(NSC

Reset Controller

Resetthreshold?Vans|22S|2TV
ResetactiveperiodSides—Sid|SCSSCSO|CC*dEC(‘s‘“C*é‘SOmsSP
[MR_Nminimumpulsewidth_[trsma|tofdTSidS|
MRNelithimmumity||*+i|—toof—S—“(tsidmsS|

2{[  3o/kQ[|
ri? d——|—SOT  
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