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The biggest problem in this business

Engineers know how to repair logic boards.
Engineers do not want to fix logic boards.
Regular people want to fix logic boards.

Regular people are not engineers.




You do NOT need to be an engineer!

You need not know how a resistor resists.
You need not know how an inductor creates inductance.

You need not know how to create a circuit to repair common
faults.

We are not going to spend four years turning you into an
expert on physics, chemistry, and electricity.

We will be skipping over a lot to get to the point.



Electricity is based on theft and burden

e You're lazy, you don't want to get up.
e |Imagine if | stole your wallet.
e You'd probably chase me around the room.

e o get you to get up off your ass, | motivate
you by causing a pain point.



Electricity works the same way

Stealing an electron from an atom gives it a positive charge.
Giving an atom an extra electron gives it a negative charge.
The more electrons you steal, the higher the charge.

The higher the charge, the higher the voltage.



To get electricity to do anything, we manipulate it

e \What will you do to get your wallet back?
e \What will the atoms do to get their electrons back?

e \What will Jessa do to not fix 100 iPad minis with BGA problems
within a no-fix-no-pay business model?

e \What will atoms do to toss out unwelcome, uninvited electrons?



This Is what we are doing to electricity
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e We show it a path to what it wants, and tell it if you walk through
this path, you'll get what you want.

e We rarely give it what it wants (if we DID, our STUFF would turn
off!)



Just as the elephant walks to get the peanut,
Electricity goes through anything to get to ground

= =

ground

120 volts the lightbulb is on

'he 120 volts wants to go back to being O volts - it doesn’t like being
120 volts.

"he electrons wish to flow back to the 120 volts, but in order to do so,
they must go through the light bulb!

"'he light bulb turns on as electrons flow through it.

QUICK QUESTION: HOW MANY VOLTS ARE AT EACH POINT IN THIS CIRCUIT? Answered at next page.



If 120v is applied to the lightbulb but there is no
“path to ground”, it won't light

T

120 volts the lightbulb is off

Just as the elephant has no motivation to get up off his ass
without the peanut being dangled, a p won't cause electrons to
flow without a complete circuit. Just because we apply 120v to
the light bulb does not mean it will turn on if we do not complete
the circuit by adding a ground on the other end.



How do we measure this?

e Voltage - think of this like a person's strength.

e Current - think of this like stuff that's actually moved using one's
strength.

e Resistance - think of this like the weight of what we are moving.

A one thousand pound bag is more difficult to move than a ten
pound bag..



Ohm's law helps you figure this out

e Use an ohm's law calculator online.

e Or an app on your phone.

Your 4" grade teacher told you “you won't be carrying around
a calculator everywhere for the rest of your life”

e They LIED!!!




How does this work?

POWER is equal to voltage times current. 2 volts at 10 amps =
20 watts.

Current sent through a circuit is equal to voltage divided by
resistance.

Resistance in a circuit is equal to voltage divided by amperage.

This is called OHM'S LAW.




Try not to just not remember it like a sheep would, try to

understand it like a good student would! If you understand, you
TO KEEP IT SIMPLE: &t
m  Justlearn that in a Fraction:
A/B
B is the denominator and A is the numerator, When A is higher

than B, a value higher than 1 will be the result of the fraction,
and when A is less than B, a value lower than 1 will be the

e e
More resistance = less power. (DUH!) |  renemerieomuainie
Less resistance = more power. (DUH!) | PvraR
Higher voltage = more power. (DUH!) | rementernemuiinine
Lower voltage = less power. (DUH!) ol e simple. ! e

terms in the product higher will
be the result



ground

120 volts the lightbulb is on

120 volts 120 volts 0 volts 0 volts



Example from a speaker amplifier, the Rotel RB-1090

Lower resistance = more power! The same amplifier
can put out almost twice as much power when a lower
impedance speaker is attached.

Specifications

Continuous Power Output

(20-20 kHzZ, < 0.03%):
380 watts/ch into 8 ohms
700 watts/ch into 4 ohms



You do not SET current!

You can increase voltage to increase current.
You can decrease voltage to decrease current.
You can increase resistance to decrease current.

You can decrease resistance to increase current.



Let's check out a real world example

2000 ohm
lightbulb

ground

120 volts
the lightbulb is on, but very dim

® \/oltage is 120v. Resistance is 2000 ohms.
® 120v /2000 ohms = 0.06 amps.

® 120v * 0.06 amps = 7.2 watts

® /.2 watts = dim light bulb.



Now you do it!
e How many amps is this bulb using?

e How many watts is this light bulb?

e \Why is it brighter than the previous light bulb?

144 ohm
lightbulb

— y —L—

ground

120 volts the lightbulb is on



Answers!

The bulb is using 0.83333 amps, using the equation of 120 volts
divided by 144 ohms of resistance. 120/144 = 0.83333

The bulb is a 100 watt bulb using 120 volts multiplied by 0.83333
amps of current. 120 * 0.83333 = 100.

This bulb is brighter because less resistance allows more current to
flow.

More current flow = more electrons = more power = more light!



AC is Alternating Current

_|_

0 TIME

- 1 CYCLE >

It alternates between positive and negative. So, it's called
alternating.. get it? Up down up down.



DC is Direct Current

Direct Current

DC doesn't move back and forth, it is a straight line.
Direct - straight - get it?



This is also DC but a crappy one
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The more straight the line the better

*(We use capacitors to make it as straight as possible)



Laptops use DC

e Computer processors are based on transistors and binary code -
1s and 0s. On and off.

e In order for you to have a 0 or a 1, you need a valid reference.
S0, we do not want alternating current for our power source.

Getting a computer processor to work using AC would be like
trying to play Jenga on a roller coaster. We do not use AC for

powering most parts of laptop and cellphone circuits. We want
flat, steady voltage.



Think of ground as a black hole

Whether a voltage is 1000v or -1000v, when it gets to ground it
becomes nothing.

Ground is a reference by which we measure other voltages.

For our purposes troubleshooting laptop & cell phone circuits,
ground is always Ov.

For our purposes troubleshooting laptop & cell phone circuits,
ground is the absence of voltage.

Electricity does not enjoy existing — it wants to return to Ov, so it
will always seek ground.



This is the symbol for ground

1



Resistors resist the flow of current

You will have the same amount of current on each side of an
individual resistor.

You will have less voltage on the other side of a resistor.
Resistance is measured in ohms.
Higher resistance = less current flow through the circuit.

Higher resistance = less power. Lower resistance = more power.
DUH!!



You typically have the same or near identical voltage on both sides of a
resistor, but less current flows (Note from Paul, this slide is 100% wrong
and needs to be corrected, pay no attention to this slide)

l1kohm
resistor

o —

ground

120 volts
the lightbulb is on, but very dim

near OV drop
120v 120v



This is the symbol for a resistor

'R9789

147K
13

1/16W
MF - LF

5 402



How resistors often falil

| resist and pass power properly. | DON'T!!III

av

t

and
nothing
comes
through
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Capacitors consist of two charged plates with an
iInsulator sitting between them
Capacitors can be used as a “battery”, retaining electrical charge.
Capacitors are used to smooth out a signal.
Capacitors pass AC, and block DC.

When capacitors “short” they begin passing DC as well as AC,
you get a short to ground - which is how many logic boards fail.



C451O i | 2 HI’ |'m d
0 0lUF capacitor

10% 1eV 402 CERM

\



How capacitors often fall

I'm a capacitor, | only capacitate.
Watch me laugh at DC as it tries
to pass through me.

I'm a fucked capacitor,
watch DC pass through me
with ease.




I'm a capacitor
letting AC
through




2 I'm a capacitor
0.01UF blocking DC

10% leV 402 CERM




Cool things we can do with a capacitor

Knowing ground is where electricity will always go given a path.
Knowing capacitors can only pass AC(waving), not DC(flat).

We can take a waving current and make it flat by putting a
capacitor to ground on a power line.

We MANIPULATE the electricity by only sending the part we
don't want away. This is all about manipulation.



Knowing that we LOVE using Capacitors to

smooth out signals!
e Capacitors to ground on a line help to smooth out that line.

e Capacitors can fail in a manner in which they turn into a wire.

e This can produce a.... short to ground.




What is a short circuit?

e A short circuit is when a signal or voltage is stopped before it
makes it to its final destination, short referring to its trip being
“Shorter” than it should have been.

e A short can be caused by poor soldering that bridges two points
together, or a failed component that is tying two signals/power
lines together that should not be tied together.

e A “short to ground” is when a pathway to ground exists that
should not.



Example of a working circuit

e Red line signifies path of electricity, going to system, happy :)

Max Current = 8A

(L7030 limit)

f = 400 kHz

CRITICAL TO SYSTEM

F7040
8AMP-24V
: :

CRITICAL
F7041
8AMP-24V
1 2

: A
CRITICAL -
42VU0




Example of a short to ground.

Red line signifies path of electricity.
C7045 went bad and is acting as a wire.

Circuit ends

Max Current = 8A
(L7030 1limit)

f = 400 kHz
CRITICAL

ET030 o C??g?g‘ TO SYSTEM
4.7UH-10.2A R i
2 1/“\\/ 2 PPBUS G3H
CRI;YEAL

F7041
8AMP-24V

There is a “short” - —1=w
before power can flow i
“TO SYSTEM”




69 45

Finding a short

PPVIN S5 HS OTHERSV. ISNS

We have five happy caps on this line. The line works great!

:

*—eo @
CRITICAL; CRITICAL CRITICAIL
C7543 *, C7544 %], CT 542 &, I @541 1L &l 71
15U0F — 68UF — 68UF LUE —-O%OOlUF
R R el s
TANY 2 POLY-TANT 2 POLY-TANT 2 2 XB5R 2 X7TR-CERM
SM CASE-D2E-SM CASE-D2E-SM G031 0402
P'S o—o

69 45

s

PPVIN S5 HS OTHERSV TSNS

Until one day, water is spilled, and a cap explodes. C7544 is now sending all the voltage to ground!

o 3 @
CRITICAL; CRITICAL CRITICAL
C7543%], C75442, C75421|, 1 G754 1L C7T5 /0
ISUF—— 68UF N\ 68UF IUF  ——0.001UF

20% =T~ 20% — 20% T~ —T— l0% —r— 18’6

16V 2 16V 2 16V 2 2 %%X 2 §7¥—CERM

TANT POLY-TANT POLY-TANT

SM CASE-D2E-SM CASE-D2E-SM 603-1 0402
& L L




Measure each cap, right”?

Many will turn their multimeter to capacitance or resistance mode and “measuC7544 is the bad capacitor. Let’s
assume C7543, C7542, C7541, and C7570 are working and in perfect condition.

We take the multimeter and place black probe on pin 1 of C7543 and red prore” each cap.

This WILL NOT WORKI!! Can you guess why?

be on pin 2 of C7543.

The meter says 0 ohms of resistance. Why? C7544 is the culprit, not C7543. What is going on here?

\ HS OTHER5V._ ISNS
s

. 4 L . 2
CRITICAL
C7543 C7542%, |A€154]1 |2CET570
15U0F — 68UF 1L{F —4— 0 .QOOlUF
2] 0% 208 -~ T, 38 T iBY
T}l‘xg'\l‘ 2 POLY—-TANT “ POLY—TANT 2 2 XB5R 2 X7R-CERM
SM CASE-D2E-SM ASE-D2E-SM 603-1 0402
© ©

The meter measures resistance by sending out a voltage and measuring what comes back on the other end.
Since all of these capacitors are on the same line, you will get the “same” measurement reading any cap.

C7544 is providing the line a path to ground.

Since C7543, C7542, C7541, C7570 all share a line with the bad C7544, they will all measure the same if they are
still soldered onto the board.

WHAT NOW?7?7?



Go back to the light bulb example: do brighter
bulbs make more heat?

The lower the resistance in a circuit, the more power it will use.
More power usage = more heat.
More heat = hotter.

If the capacitor passing lots of energy is hotter, we might now have a method to figure out WHICH is the bad one!

We can use heat for short detection.

Whichever component is warmer is likely the component that is short circuited.
We can use freeze spray to help us detect the shorted component - wherever it evaporates first is warmest.
We can also put alcohol on the board which is cheaper, and evaporates quickly.

Note a perfect short circuit will pass a lot of current but will cause no voltage drop across the short and will not
get hot

An open circuit component will pass no current but will have a voltage drop across it but will not get hot

A partial short as a result of for example a capacitor failing and passing some dc current will get hotter than

normal because it will have a current flowing and a voltage drop across it resulting in a power loss in the
component and the component will get hotter than normal.



What is an inductor?

An inductor resists quick changes in current.
Alternating current has changes as it waves back and forth.
An inductor is handy in helping turn AC into DC.

An inductor is useful in keeping high frequency noise out of a
line.

An inductor cannot send current out quickly if a sudden demand
for current comes up. So, what will it send if quickly shorted to
ground but....VOLTAGE! More on this later.



This is the symbol for an inductor

CRITICAL

L6995
33UH-20%-0.44A-0.4550HM

| 1'1"‘2

Y B mm




What is a transistor?

TO KEEP IT SIMPLE:
e Atransistor is a transforming resistor.

A transistor is a resistor whose value can change.

If you're an electronics engineering major, yes, they are not linear devices, kindly STFU. We know.

e MOSFETSs have three tabs — source, drain, and gate. Power flows
from source to drain dependent on the voltage at the gate.

e 99.9% of the time, we are looking at MOSFETSs, not other type of
transistors in laptop & cell phone circuitry.



Types of transistors we care about

. P channel MOSFET lets power through when voltage on gate is
LOWER than source.

. N channel MOSFET lets power through when voltage on gate is
HIGHER or equal to source.



What voltage is present on the drain when 12v is on the source and the gate
of this MOSFET?

CHANNEL P-TYPE
RDS (ON) 43 mOhm @4.5V
CRITICAL
12V Q9706 LOADING 0.65 A (EDP)
FDC638APZ SBMSO001
A PPBUS_SW_LCDBKLT PWR 8 77
& MIN LINE WIDTH=0.4 mm
MIN NECK WIDTH=0.25 mm THERE IS A SENS
S - TommREEE ey PBUS_SW_LCDBKL
PPBUS SO0 LCDBKLT FUSED ® il I\ P = e
MIN LINE WIDTH=0.4 mm L - AND PPBUS SW BK
MIN NECK WIDTH=0.25 mm ” o
VOLTAGE=12.6V = ON THE SENSOR P.
'R9788 Co782 *
Z;f)lK O'lig — "’.3 12V 70 68 65 54 52 47 42 2275 32_P5V=SO

X5R 2

402

¢ . _PPBUS_SW_BKI




0 volts! A P type MOSFET opens when voltage on the gate is lower than
what is present on the source. Schematic claims 4.5v, but there is always
5v there in the real world (SCHEMATICS ARE NOT ALWAYS RIGHT)

CHANNEL P-TYPE
RDS (ON) 43 mOhm @4 .5V
CRITICAIL
Q9706 LOADING 0.65 A (EDP)
12V FDC638APZ_SBMSOOl
SEOTS-HE PPRUS SW LCDBKLT PWR & 77

MIN LINE WIDTH=0.4 mm
MIN NECK WIDTH=0.25 mm THERE IS A SENS
VOLTAGE=12.6V

® PPBUS SO0 _LCDBKLT FUSED ® &l I\ EsbUE ol HEDEI
MIN LINE WIDTH=0.4 mm OV AND PPBUS SW BK
MIN NECK WIDTH=0.25 mm L
VOLTAGE=12.6V ON THE SENSOR P.
oo 9782 *
301K e — PP5V_S0

o — - 70 68 65 54 52 47 42 22 7 6
10% ™ & 73 12
16V

X5R
402

1%
1/16W
MF-LF

402

LCDBKLT EN DIV

¢ . _PPBUS SW_BK]




LCDBKLT DISABLE

Am | opening and letting 0970 .
. '7 ’7 6

power throggh or closing SSM6N15AFE |-

and not letting power SOT563 .

through? Remember, | am
an N channel MOSFET! 3y 2l sk

BKLT PLT RST L

HINT!!!! Ground = zero volts!!



It lets power through! N channel MOSFETSs let power through when the gate
voltage is higher than the source. Ground is O volts. If there is 3 volts on the
gate then it will open. This will then send whatever is on the drain to ground,
which will cause Ov to be on the drain.

LCDBKLT DISABLE

Q9707
SSM6N15AFE

SOT563

BKLT PLT RST L




What is a voltage divider?

e A voltage divider steps down a higher voltage to a lower voltage.

e A voltage divider is a series of resistors between a higher voltage
and ground.

e A voltage divider is inefficient, but cheap - used for things that do
not have high current requirements.



1,\/\/\/2 3V BKL EN A3 | EN

S & »
PPBUS SW LCDBKLT PWR RO731 : .
200K
) R9715
1/20W 100K
12v w
201 1/20W

MF
201
2

= 0Ov

4’35|GND S

Here we have a resistor between a high voltage source and the
Intended destination, then another resistor between the intended

destination and ground. It is turning 12v into 4v.



Reminder: what is a voltage divider?

CRITICAL
Q9706
FDC638APZ SBMS001 -
SSOT6 -HF
F9700 12v :
3AMP-32V-467 —K— ;
1 2 PPBUS_SO_LCDBKLT FUSED o | |
MIN LINE WIDTH=0.4 mm i
MIN NECK WIDTH=0.25 mm i
603 -HF VOLTAGE=12 .6V -
BOTTOM "R9788 c9782 *
301K L a— ;
18 16V E;\[
1/16W X7R-CERM 2
MF-LF 0402
402
2
5V §_LCDBKLT EN DIV )\
'R9789
147K
1%
1/16W
MF-LF
402

2

LCDBKLT EN I,

Ov




What if we used a transistor to control the
voltage dividers path to ground?

e \We could then control whether the voltage divider works.

e By being able to control that voltage divider, we can then
control backlight being on or off based on signals from
other parts of the machine.



F9700

3AMP-32V-467

PPBUS G3H 1 = Py PPBUS S0 LCDBKLT FUA_[ZY -
9 MIN LINE WIDTH=0.4 mm

this voltage divider is
now working as a voltage | rcoscr mvpiv

divider since it ha
to ground

3v

603-HF

BOTTOM

S

MIN_LINE WIDTH=0.4 mm
MIN_NECK WIDTH=0.25 mm
VOLTAGE=12.6V

12v

1 2 5 6

MIN_ NECK _WIDTH=0.25 mm

VOLTAGE=12.6V
'R9788 CO7TR2 ¢

0.1UF

?QIK 0% — T Ly

1/16W i:; 7.

MF-LF 202
2 402

@

his p channel mosfet
is letting power

S5v

s a path

‘R9789

147K
1%
1/16W

MF-LF

402
2

LCDBKLT EN L

QD707
SSM6N15FEAPE
SOTS63

:I

LCD BKLT EN

3v

BKLT PLT RST L

Q9707
SSM6N15FEAPE \
S0TS563

26 I IN>

through since gate
voltage is BELOW
source voltage

this dual n channel mosfet
is letting power through
since gate voltage is
ABOVE source voltage



What is a pullup resistor?

e A pullup resistor keeps a signal high. When it is not being
shorted to ground, it will be 3.42v.

e A pullup resistor “isolates” the data line from the main power
supply.

e You can have as many data lines as the power line is capable
of providing amperage for on a given data line.



What happens when creating a data line without
a resistor to limit current. Remember, the chips
are shorting the signal to GROUND down to
ZERO VOLTS to make this work.




THAT IS WHY WE USE
PULLUP RESISTORS!!!



What is a Diode”?

e A diode only allows current to pass in one direction.

e Often used in boost circuits, where voltage at the end is higher
than voltage at the beginning.



This is the symbol for a zener diode

CRITICAI

D970l

L)~ 123

SSE

RB160M-60G




What is a voltage divider?
e A voltage divider steps down a higher voltage to a lower voltage.

e A voltage divider is a series of resistors between a higher voltage and
ground.

e A voltage divider is inefficient, but cheap — used for things that do not
have high current requirements.

Pé R_)
QZ;U“ Vout = Vin - R + Ro




PPBUS SW_ T.CDBKLT PWR

12v

FAUL

455|GND S

= 0v

Here we have a resistor between a high voltage source and the
Intended destination, then another resistor between the intended
destination and ground. It is turning 12v into 3v.

e Resistance of resistors will set the voltage.

e Allows the enable pin of this backlight IC to get 3v whenever
PPBUS SW_ LCDBKLT PWRis on.

e |f you sent 12v to the enable pin of backlight IC, it would die.
Good thing we have a voltage divider. :)



NOW ONTO THE FUN!!

e Now that you have basic knowledge of what electricity is,
we can go on to basic circuits.

o Get food first!



What is a data line?

A data line Is a line that carries data

Data lines are used to transmit information between sensors and
the SMC, between the SMC & the battery, between SMC and the
battery charger chip, between the charger and the SMC.

Chips “create” data by shorting an existing voltage to ground.
Think of it like “"drawing.”

Morse code/Telegraph, where a series of pulses created by
closing a circuit translates to something else



Here is the battery, battery controller IC, and
SMC speaking to one another.

SMC "5" SMBus G3H Connections

7 =PP3V42 G3H SMBUS SMC BSA

g

Battery

Battery Manager - (Write: 0x1l6 Read:

0x17)

R5280" 'R5281
SMC Battery Charger
2. 0K 2. 0K 2 4 9
5% 5%
U4900 1/20W 1/20W ISL6258 — U7000
MF MF
(MASTER) 20]_2 2 201 (Write: 0x12 Read: 0x13)
71: 41 SMBUS 8MC 5 33 s8cCL l_‘ — =SMBUS CHGR SCL 53
MAKE_BASE=TRUE —_—
71 41 SMBUS SMC 5 G3 SDA o—o ——  =SMBUS CHGR SDA c3
N.AKE_BASE=TRU‘E S—
|
Battery
J6955

(8ee Table)

=SMBUS BATT SCL 6 52

=SMBUS BATT SDA € 52




Creating a data line

The chip is creating data by shorting a voltage to ground to
make a waveform that represents data.

Without voltage present, it will always be Ov, which will be no
data.

We need voltage to be present so the chip has something to
create a waveform from!

What will happen when we short a main power rail to ground?



A resistor is placed between a DC voltage line
and the data line to create the data line

7 =PP3Vv42 G3H SMBUS SMC BSA

SMC "5" SMBus G3H Connections

+——

41 SMBUS SMC 5 G3 SCL

pullup gs2sgo:
2 <« OK

resistors 53 $ Heon

201,

‘R5281
2. 0K

5201

=SMBUS

Battery Charger

ISL6258 - U7000

(Write: 0x12 Read: 0x13)

CHGR SCL

MAKE BASE=TRUE

41 SMBUS SMC S5 G3 SDA

—3

CHGR SDA

MAKE BASE=TRUE

Battery

Battery Manager - (Write: 0x16 Read: 0x17)

data line

T
-

Battery

J6955

(See Table)

S _BATT S3SCL

S BATT SDA




Here is the 3.42v side of the pullup resistor. Look, plain flat 3.42v of DC.

”‘]\f i ﬁh’“’l "1‘ ‘\’/"‘ |'“’||" \'h‘ IH"“UIIV "W{ ‘|'I ulﬁfﬁr“f r " ’\r{ {'\"‘r W ' l 'l ""ll‘q,'{‘. ".- ,! \ l{\\]ﬂ'\jm‘] t.| || I| \I 1|)L'|r'1'l'tl

.1I1 I|'

CH1 1.00v B Delay:0.000s




This is the DATA side of the data line. Note how the chip is creating data by
making voids in the 3.42v of different width and height. This means something




DON'T ASK ME!!

What the pulses mean.

What the width of the pulses mean.
What the height of the pulses mean.
Because FUCK |IF | KNOW!!

Ask an APPLE ENGINEER!!

And good luck with that....

Some of these signals can be found in IC data sheets, if the're
documented there’s usually enough information to infer what is
supposed to be happening in optimal circumstances -k



What are we interested in when checking data lines?

e |s there pulsing?

e Does it look similar to what you see on a working board?
**MOST IMPORTANT**

e Does the TOP voltage on the data side equal the voltage
present on the data line?



r’ f\

'|
TRTATRYAVS \\' \ W

3 here should
ibe 3.42v

3-42V 7 =PP3V42 G3H SMBUS SMC BSA

i ’I .r.‘ N
ANAAND
W W W ‘\1

SMC

U4900

(MASTER)

71 41 SMBUS SMC 5 G3 SCL

R5280"

2 % OI°<
1/28W %

MF
201

MAKE BASE=TRUE

71 41 SMBUS SMC 5 G3 SDA

MAKE BASE=TRUE




When troubleshooting a data line running on a
3.42v power line...

e [fitis stuck at the top voltage of the power rail all the time - say
3.42v, something is not speaking.

e Ifitis stuck too low — it tops out at 2.6v, or 2v, instead of 3.42v,
then some component on the line is pulling it down. Maybe crap

IN a connector or a bad chip.



What is a power rail?

e A power rall is just a power line upon which you
can attach components.

e PP5V is a 5V power line, with five volts on it.

e PP3V3is a 3.3v power line, with 3.3 volts on it.



Here a resistor, capacitor, and inductor
are attached to a 5 volt power rail.

PP5V S5
5 VOLTS

GROUND




If a power rail is **MISSING**

Is it not being created?
Is it being shorted to ground?

Is an enable pin on the integrated circuit responsible for it not
receiving power?

WHO KNOWS!?! It could be any of the above, and your job is
to figure it out.



How circuits fall

A circuit can falil if it is not being told to turn on.

A circuit can fail if there is a short circuit to ground - something
s pulling all the power to ground when it should not.

A circuit can fail when a line goes “open” and does not conduct
power — power simply stops at a point and does not make its
way through the circuit.

Many people go nuts checking for shorts and opens before
seeing if the circuit is even being told to turn on. Do not be one
of those people.



Checking for shorts to ground

e Diode mode on multimeter is VERY HANDY for this.
e Diode mode is much faster than resistance mode.

e Put red probe on ground, black probe on power rail you
believe is not working how it should.

e See number. Low number = low voltage drop to ground.



Finding a short to ground on the line.

Ground is a black hole for electricity - electricity will try to give all of itself to
ground given a low resistance path to it.

More energy = more heat.

A component shorted to ground will try to pass infinite energy, making it very
hot.

On a 5 volt power line,if you inject Sv from an external source, and attach the
ground of the external source to the ground of the board, the component
shorting to ground will get very hot.

This will allow you to find the component that is shorted.

Do NOT use your genitalia to find the hot spot on the board, regardless of
what the internet tells you.



Other benefits of diode mode troubleshooting

All circuits attach to ground in some way or another.

By comparing the way a malfunctioning circuit attaches to
ground to how a working circuit attaches to ground, we can
narrow down the point of failure.

Before you repair a circuit, measure diode mode to ground on it
and compare to a working board.

Write down the numbers in a spreadsheet, along with the issue.

Make a database of numbers and attach them to issue types.



For example, on backlight circuit output on
LP8550 based boards....

0.565-0.595 = bad switch via from inductor to LED driver.

0.465-0.511 = bad feedback via from backlight output to
LED driver

0.200-0.300 = bad LED driver

0.000-0.070 = bad LCD connector, or totally destroyed
LED driver.



These numbers do not come from thin air!

e | measured the circuit each time | had a problem.

e \When | figured out the problem, | put the number next
to the issue In my brain.

e [he nexttime | had a problem, | would make a diode
mode measurement. Without wasting brain power

e Troubleshooting / diagnosing / chasing problems, | just
checked what was wrong the last time | had that number.



You can use this to make your own "ANSWER

KEY"” when you are lost!

If you have a known working board and your dead board, this is an
amazing way to compare and contrast back and forth.

You can check every pin of an IC for power management.
You can check sensor data lines for SMC communication.
You can check PCI express data lines for CPU/GPU communication.

The possibilities are endless - build your own answer key using
diode mode measurements so you do not have to reinvent the

wheel every time a board has a problem.



What are power STATES?

Computer is off - S5

Computer is hibernating - S4

Computer is sleeping - S3.

Computer is on and working, SO.

Different power will be present during different states. You

need CPU vcore during SO while it is on, but you do not want

it when it is off — S5.

PP5V_S3 and PP5V_SO0 are created by the exact same circuit, but

PP5V_S0 is only meant to be present when the laptop is on, opened up,
and being used.



When troubleshooting power rails, is the rall
ABOVE the rail you are troubleshooting working?

Let's say PP5V_S5 is missing — a 5 volt power line.
Many people would start troubleshooting PP5V_S5.

Schematic shows that the chip that CREATES 5 volts is powered
by a 12 volt power line called PPBUS G3H.

If 12v is not present on the board, would we get PP5V_S57 NO!!!

Would you rather start replacing things on PP5V_S5 circuit, or
check if it is getting 12v to turn into Sv first? CHECK 12V FIRST!!



When troubleshooting power rails, is it even being

told to turn on?
e Most power ICs and circuits have enable or entrip pins.

e \Without voltage at these pins, it will not turn on.

e \What is easier to do — check ONE enable signal, or measure
50 resistors/capacitors?

e Check ifitis being told to turn on BEFORE YOU DRIVE
YOURSELF NUTS!



How many people get sick looking at this?
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Let's make this simple. First; is it being told to turn on?
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See how we ignore all the shit on that page that is
boring to get to what Is relevant?

P5VS3 EN L tells Q7221 to short the ENTRIP
pin to ground. According to the datasheet for
TPS51125, the chip will NOT create a 5 volt
power rail while its entrip pin is shorted to ground!
We need to get rid of this terrible P5VS3 EN L

signal.

Let's follow further down.



P5VS3 EN L is shorted to ground if
PM_SLP_S4 L is high

S3 Rail Enables
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PM SLP S4 L is where this ends

If PM_SLP_S4 L exists, check upstream. Is the chip bad? Is
the enable signal getting fucked up somewhere else in the line?

It PM_SLP_S4 L does not exist; STOP TROUBLESHOOTING
TPS51125 CIRCUIT! You cannot blame a chip for not creating
voltage when it is not being told to.

Make sure you are troubleshooting the correct problem.
We talk of chasing a rabbit down a hole all the way to hell.

The problem is often that we running down the wrong hole;
one within which a rabbit does not even reside.



What is an integrated circuit?

Commonly known as a “chip”

Integrated circuits are combinations of the above components
inside of a single package.

This single package has a specific function. Make my backlight.
Make my CPU power. Whatever it is meant to do.

Integrated circuits allow us to have smaller devices with less
visible components.



Here is an integrated circuit
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A few basic things to take note of

e Integrated circuits need power to run. This pin is called
VCC, VDD, VEE, VSS, or VIN.

e [fitsays "PP5V" on aVCC, VDD, VEE, VSS, or VIN pad,
YOU WANT 5 VOLTS TO BE THERE!!!

e EN is usually for “ENABLE”

e |[f you do not have voltage at an "ENABLE" pin, DO NOT
REPLACE THE IC. It's not being told to turn on. On rare
occasion enable pin is shorted to ground inside of a messed up
chip, but as a general rule, make sure it is being told to turn on.



What is a logic gate?
A logic gate has a set output for a set input.

A logic gate is often used to only let power through if specific
input signals are present.

For example, if circuit A and B tell me they are ok, then tell circuit
C to turn on.

If circuit A is ok but circuit B is fucked, do not turn circuit C on.
Different logic gates work in different ways. Look at datasheet for

a specific logic gate to see how it works. OR compare with
working system.



What is a buck converter?

e A buck converter takes a higher voltage and turns it into a
lower voltage.

e \/oltage dividers do the same thing, but are VERY inefficient
since it is “always on”

e A Dbuck converter is a linear voltage regulator.
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We start with a high voltage, like 8 volts
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Buck converter “switches” it on and off. 8 volts, 0 volts. 8 volts, 0 volts.
This sucks. Would you want to drive in this car???




Output is "averaged” to 0.8 volts by an inductor
and a capacitor into a nice flat line. Ahh, much
nicer ride, says the CPU.
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What is a DC to DC boost circuit?

A laptop LCD backlight runs off of about 39 volts in an A1286 Macbook Pro.
Its BATTERY is a 12.6 volt battery. Does this mean we carry around flashlights?
NO!!l We boost it.

e ADC to DC boost circuit boosts a lower DC voltage into a higher
DC voltage.

e Think of it like stopping short in a car.
e For that split second when the brakes are slammed, you are

moving forward faster than the speed of the car. Good thing
we have seatbelts!

Same concept is applied in electronics.



DC to DC boost circuit contains four main elements

e Inductor - this is what is energized by the driver, and then shorted to ground to create
the higher voltage.

e Diode - this keeps the boosted voltage from flowing back through the circuit.

e Capacitor - this stores the boosted voltage, and also smoothes it into a straight

line.

e LED driver - this is what does the switching to switch the inductor's output to ground.
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Voltage after inductor when switching to ground
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What is current sensing?

Current sensing is to senses how much amperage a circuit
IS using.

Knowing how much power a circuit is using is important for
safety concerns — turn it off if it is using too much!

Also useful for data. Laptops tell you how much time is
remaining on battery, and this changes based on what you are
doing.

How does it KNOW?



If a circuit is using too much current, current
sensing turns it off.

1 bh

To tell current being used, you must be “in” the circuit.

Outside the circuit, U7000 can't measure current — only voltage.

We solve this problem by putting a shunt resistor in the circuit.

The resistor will have a very tiny voltage drop across it — barely noticeable.
This voltage drop is DEPENDENT on the power the circuit is drawing.
U7000 measures the difference in voltage before and after the resistor. This

allows the buck regulator controller chip to know the amperage of the circuit
- without being inside the circuit!
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Common faults

Resistor between shunt resistor and buck controller IC die.

Traces between shunt resistor and resistor, and resistor and
buck controller IC die.

This can cause not charging the battery, not turning on, no
green light, quarter fan spin.

Can also keep battery from charging. If it thinks charger is
drawing too much it will turn off charging, if it thinks battery
Is exploding it will turn off charging.



What is the onewire circuit?

e Allows communication between the magsafe charger and
the SMC.

e Only allows communication if certain conditions are met.

e Constantly dies for silly reasons.



QUICK REFRESHER: Remember what a logic gate is?

THEN the 3.42v from pin 5 will be passed through pin 4.

=PP3Vva2 G3H ONEWIRE 7D1

1 C6908
8 I N
AFEAPE 1 %8{7— PLACEMENT NOTE=PI
2 CERM
402
SMC_BC_ACOK 40C5 41B2

IF 3 volts is present
here....



The 3.42v that comes out of the LAST chip powers
this chip that sends charger data to the SMC.
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SMC_BC_ ACOK can be brought low by the U7000 - which controls
creating the main 12.6v rail of the machine from the charger power.
This can stop the onewire circuit from allowing the charger voltage
through to the machine.
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So the way this works...
If PP3V42_ G3H voltage rail is present

And SMC BC ACOK is present from the charging IC that creates
PPBUS G3H

The onewire circuit allows the adapter to communicate with the SMC.

If the PP3V42_ G3H voltage rail is NOT present, or the circuitry for
PPBUS G3H is fucked in any way, charger will NOT be able to
communicate with the machine.

PP3V42 G3H must come on before every other voltage so that
onewire can work so that PPBUS G3H can come on.



U6901 is a logic gate that will let PP3V42 G3H(3.42v) through to U6900
ONLY if SMC_BC_ACOK is present. U690 allows communication between the
chargers adapter sense line and SYS_ ONEWIRE which goes to the SMC.
This is how the SMC talks to the charger. The SMC tells the charger things
like “TURN ON!, “TURN ON BUT LIMIT POWERY!, or “DON'T TURN ON”
Without this data line being present, the charger will NOT TURN ON!!
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PP3V42 G3H needs to turn on first.

You need PP3V42_ G3H to work for the onewire circuit to work.
You need the onewire circuit for your charger to turn on.
You need the charger to turn on to get PPBUS G3H voltage.

You need PPBUS G3H to get every other rail in the system; every other power rail
Is created from PPBUS G3H's 12.6v

Therefore; YOU NEED PP3V42 G3H TO WORK

Do not troubleshoot anything before checking that PP3V42 G3H works.

If you have a green or orange light on your charger; PP3V42_G3H
works.



|ls the SMC on”? How do we tell?

The SMC turning on is required for the onewire circuit to work.

The SMC communicates with the ISL6259/ISLL9239 to set the final
PPBUS G3H voltages on 2011-2021 Macbooks.

On Macbook Airs and old Macbook Pro 17”7 PPBUS G3H is 8.5v when
the SMC is able to communicate with the ISL, 8.16v when the SMC
cannot.

On Macbook Pros PPBUS G3H is 12.56v when the SMC is able to
communicate with the ISL, 12.23v when the SMC cannot.

On 13" MBP’s with ISL9239 (A1708, A1989) it is not uncommon for
PPBUS_ G3H to be 13.00V



How SMC communicates with ISL6259
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What turns the SMC off?

SMC_RESET L being low — will keep SMC in reset mode.
SMC being bad.
SMC having corrosion on it.

SMC_LID signal being low (Sleep sensor activated/corroded)



Let's move onto PPBUS G3H

e The onewire circuit allows the charger to talk to the SMC. The
first thing that will occur after this is creation of PPBUS G3H.

e PPBUS G3H is a 12.6 volt power ralil that all other lines in the
system are created from.



This node is powered
2 through body dicdes: . s
Reverse-Current Protection + DCIN through Q7080. Inrush Limiter
* PBUS through Q7085,
Charger TOP FETs and
Q7055.
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This node is powered
through body dicdes:
Reverse-Current Protection * DCIN through Q7080.
* PBUS through Q7085,
Charger TOP FETs and
Q7055.
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4. SMC_BC_ACOK enters U6901 logic gate. This tells U6901 to allow PP3V42_G3H on
pin 5, a 3.42v power rail, to be sent to U6900.
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After this, the rest is dependent on your specific system

o After PPBUS G3H and PP3V42 G3H are created, other power
rails should start coming on.

e The PCH/PMU on the motherboard will create the enable signals

for other chips to turn on their power lines, such as CPU power,
PP5V_S3, and so on and so forth.

e Schematics usually come with a block diagram showing you
what signals are responsible for creating what power lines.
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Here is an example of the SMC receiving SMC_ONOFF _L - this signal is high(3.4v) until you h
POWER BUTTON and short it to GROUND. When SMC detects SMC_ONOFF_L shorted to ground,
plsends out PM_PWRBTN_L which will tell the PCH that it's time to turn the computer on.
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These signals differ from platform to platform

e | am not going to go over exact order and exact signals.

e |t changes from model to model, but the same general idea
applies.

e Check the power diagram page on the schematic to get an idea
of what is going on.

e |f Apple decided to be pricks and not include it in a specific
diagram, check last year's and try to figure out what changed.



The BEST way to figure this out if you are unsure...
e CHECK KNOWN WORKING BOARDS!

e Compare & contrast. Analyze, and use your brain.

e A working board is an ANSWER KEY!

e Adults are allowed to CHEAT and CHECK THE ANSWER KEY!!
e \What is different on the working board from your dead board?

e Never stop analyzing.

e Known working boards of the same type are the ultimate learning tool.



What is FEEDBACK and why does it matter?

These chips are cheap crap connected to other cheap crap.
They are not to be trusted.

Most power control chips in buck converters, DC to DC boost
circuits, and power supplies in general like to know what they
are doing.

For this, feedback is used.

Chip will change how it controls circuit based on feedback.
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P 5 {zcomp euase| 22 | CHGR_PHAGE AR B 3 (N} 2 :
P 7_lvcomp MIN NECK WIDTH=0.p mm ”ﬁﬁ—{sﬁ%‘%—ﬁ%%@ﬁ 8 g - IHLP4040DZ-5SM
LGATE| 21 CHGR_LGATE MTIN-T.INE-—WIDTH=0.] SWITCH NODE=
8 IVNEG GATE NODE~TRUE DIDT=TRUE NO STUFF
P 18 [csop BGATE| 16 CHGR_BGATE DIDT-XRIR 1
N 17 |cson 20V/V AMON| 9 CHGR_AMON  mum, 5o | 01% g
agl i ?gggﬁBxggK {oTT> = ) 183%3 PPVBAT G3H_CHGR_REG &
By G R = = (OIS 44740 g MESeE, [ | MIN-RECRIBTHZG:§ W CRITICAL
= U OMIT VOLTAGE=T2.6V v 1 C7 040 1 I C7(
3 1 jis CRITICAL —|—9292UF ——0::0
& ql 35382929 . — gg K0o % ngNS CHGR_PHASE_RC T3 38% T, L%
DIDT-TRUE i XTR-
5 RMSON -8 e EQLY-TavT,
. NO STUFF R7 0—5 0 l
1C7039 gea
—— 470PF .5% =
T, 8
2 CERM 0612-3
XW7000 0402 1 2 PPVBAT G3H_CHGR_R "
=P — s[YVMe TRRLEE i
‘PLACE NEAR—U‘7000 29:1mm l TOREESEST C70551 C7056 1| C705°
PLACE-NEAR=U7000 |22 : Imm A 10F — 0.10F —— 0.01U1
= 25V 16V 16
X8R 2 X5R 2 X7R-CER
603-1 402-1 040
(CHGR_CSQ_P) R7051 2.2 1 pp2 e CHGR CSO R P l
R7052 s =
(CHGR_CSO_N) _— -
(PPVBAT G3H_ CHGR R) (PPVBAT G3H CHGR R)
(OUUCD ROAATIRY




L (CHGR AGATE) ‘ o
R7005 (CHGR_SGATE)
3 .« PPCHGR DCIN' D 1aaw 2 (CHGR NCOTN) | R7021
' | m K he chi =
Here is feedback! From output back to the chip.
loa:
3R_\ G3H_CHGR = .
FH23 g%g%ﬁf%:ﬁ — CRITICAL | CRITICAL
) +*CT030 1€7031 1 C7035 (2 C7036
— 22UF 22UF —— 1UF i 18)
20% 20% 10% 10%
IFF 2 23Yv-tanT 2 23 v-TanT 2 g2 2 g2p
CASE-D2-SM CASE-D2-SM 603-1 603-1
2 ? S *
PLACE_NEAR-Q'IOJO.S:IITTH
= 5 s - =
o e HORAIOLE ., °
12 2 . PPCHGR DCIN e
vHSTCRITICAL DCIN e —NECK_WIDTH=0.2 mm OMIT Max Current = S8SA
RST_L lBOSMB_RST_N 26 CHGR SGATE l C7 025 D CRITICAL s .
GR_SCL 11 eor 1770 00, o — 0,22UF 7030 (L7030 limit)
¥ AGATE| L CHGR_AGATE 183 RJKO3E1DNS
SR _SDA 10 fgpa TOFN 2 Cemm
= 3 N cerp| 28s:| CHGR CSI P CER HWSON- 8 f = 400 kHz
e 1n csIN| 27| CHGR CSTI N PLACE NEAR-U7000|.25: 2mm
6 [cELL g MIN LINE_WNID H S CRITICAL
: 3 BOOT| 25 = = ’éw' by L7030
° ACIN E o [, CHGR_UGATE " MIN LINE WIDTH=0. 2 4] TS0 SK
P 5 |zcomp PHASE| 23 CHGR_PHASE ﬁ;&_‘;&;j" % N ) 2 2
P 7 |vcomp MIN NECK WIDTH=0.P mm S%ﬁ—ﬁéﬁH%BﬁiB:g e IHLP4040DZ-5M
2 hnvea ) AR~ = S Se R e 0
P 18 lcsop BGATE| 16 CHGR_BGATE DI°T™= NO STUFFl
N 17 |cson 20V/V AMON| 2 CHGR_AMON  momy < R7 01% g
.3 36v/v BMmoN[ 15 CHGR_BMON oo = 55 %
B (0oD) ACOK| 14 =CHGR ACOK . 5 nlaé}gg M?I\}I? \{?&TWI%BII:II‘OCIG{Gmﬁ BBz *
§§ é = {GHDy Ae: %0 603, MIN-NECK-WIDTH=014 CRITICAL
i - 2 5 MIL - L|*C7040 127K
I ICAL 22UF 0.0
3 8| 35352929 ol %JIQO%%DNS __CHGR_PHASE_RC | 538 T i
DIDT-TRUE A X7R-
';: S CRITICAL e s
. NO STUFF %‘;3—533 l
s 1C7039 0.01
= goE i =
rigika 2 égﬁM osrfg—z.
XW7000 0402 2 PPVBAT G3H CHGR R é
~ YV T T
— 1562 o (GND) l VotmASESeE ey C70551| C7056 1 C705"
BEACE NEABZH7899 28: 4 | 1UF —L 0.10F - 6.011)
o 5V 16V 16’
BR 2 XSR 2 X7R-CERI
-1 402-1 040
(CHGR_CSQ_P) R7051 2.2 1ppp2 = CHGR CSO R P l o
(CHGR_CSQO_N) R7052 o 1 pp,2 = CHGR CSO R N =

(PPVBAT G3H_ CHGR_R)

5% LI/I6WMF-LF 202

(PPVBAT G3H CHGR R)

(OO ROATEY



PLACE_NEAR-LS701.2:3mm

Hi, I'm backlight

CRITICAL CRITICAL
L9701
33UH-1.8A-110MOHM D9701 output
- v [l ) 2 PPBUS_SW_LCDBKLT PWR_SW A N ® g = PPVOUT_SW_LCDEKLT
CRITICAL MIN LINE WIDTH-0.5 MM |/|_ MIN LINE WIDTH-0.5 MM
& 121 708254 MIN NECK WIDTH-0.2 MM CRITICAL CRITICAL MIN NECK WIDTH-0.375 MM
c9712 * C9713 VOLTAGE-20V REB160M-60G . i . VOLTAGE-50V
e == SR e e 1 C9796 1 C9797 C9799
10% 10% DARE =TRUR —— 220PF —— 10UF —— 10UF
25V 25V —— 10% —T— 10% —T— 10%
X5R X5R 5 50V 50V » 50V
805 402 X7R-CERM X5R X5R
:4mm I PLACE NEAR=L9701.1:3mm st ESEESL =
‘ PLACE_NEAR~DS701.2:5mm
== | T T l PLACE _NEAR~DS701.2:3mm
' ?
"“‘“—"E““‘W ere 'S ee aC < XW9720
M
PPVOUT SW_LCDBKLT FB 1 % 2
VOLTAGE-40V »
MIN_LINE_WIDTH-0.1 MM DLACE_NEAR-C9797.1:5m=
MIN NECK WIDTH-0.1 MM
L 4
PLACE_NEAR=U9701.C4:4mm
C9711.?
0.1UF ——
108 —T—
16V
X7R-CERM
0402
4 L 4
-
R9755 3. pllnlm 4
1 10K U a 3]
P VDDIO VLDO VIN
1/16wW
ME-LE U9701
25-BUMP-MICRO
BKL_VSYNC_R o B
ax = VSYNC SwW 0
R?.ZI? 5 oW 1| =2 T BKLT: PROD
1 2 BKL,_FLTR €2 | FILTER = RO9717
= o
5% 1 c - E5:10m 0
1/16W % I h ” h' | 1sET 3 FR| 25 PLACE_NEAR-U9701.ES:10=m 1 /\/\/\,2 LED RETURN 1 m & 7a
MF-LF MIN LINE WIDTH-0.5 MIN LINE WIDTH-0.5
402 H') I m t e Contro er C Ip &‘ MIN_NECK_WIDTH-O.20m:m 5% MIN”NECK‘WIDTH-O.zom:m
| FSET — = 1/1ew L B
BOTTON MF-LF
402
- SCLK
ES BKL, ISEN1 .
BREERR 5 | ang oUT1 B BKLT : PROD
ouT2 D5 BKL ISEN2 R9718
BKL. PWM Ad cs BKIL, ISEN3 o s2im [4]
= PWM ouT3 E PLACE_NEAR-US701.D5:10=m . /\/\/\,2 LED BE > - aa
\/2 Py BKL_EN A | EN ouTa| B2 BKL,_TISEN4 MIN LINE WIDTH-0.5 mm MIN LINE WIDTH-0.5 mm oD
MIN NECK WIDTH-0.20 mm 5% MIN NECK WIDTH-0.20 mm
ouTs| E2 BKL,_ ISENS T = 1/16W = =
31 5 TP_BKL FAULT ¢ | FAULT Z; BoTTOM MP-LE
R9715 ouUT6 BKL_ISEN6 402
K PLACE SIDE=BOTTOM CRITICAL
glOOK = = = BKLT: PROD
13
: w3 un
: woie A R9719
1 402 = =z = PLACE_NEAR=US701.C5:10=m g Q 2 LED RETURN 3
6 74
e B 9.0 MIN LINE WIDTH-0.5 mm /\/\/\/ MIN_LINE WIDTH-0.5 mm D
= | o MIN NECK _WIDTH-0.20 mm 5% MIN NECK WIDTH-0.20 mm
— a|l | 2| = = = 1/16W - =
ot BOTTOM MF-LF
402
BKLT: PROD

T LED=22.7mA




PLACE_NEAR-LS701.2:3mm

CRITICAL CRITICAL
L9701 D9701
33UH-1.8A-110MCHM e
= 1 m 2 o PPBUS SW_LCDBKLT PWR SW ANE: P s = PPVOUT SW_LCDBKLT
CRITICAL MIN LINE WIDTH-0.5 MM I/L MIN LINE WIDTH-0.5 MM
& 121708 -25M MIN NECK WIDTH-0.2 MM CRITICAL CRITICAL MIN NECK WIDTH-0.375 MM
co712 * C9713 VOLTAGE=-40V RB160M-60G R . 1 VOLTAGE-50V
R = == SRR ROk TR 1 C9796 1 C9797 C9799
10% 10t DS TR —— 220PF —— 10UF —— 10UF
25V 25V —— 10% —— 10% —1— 10%
xsr 2 X5R 5 50V 5 50V > )s(g;'
205 402 X7R-CERM X5R
- 4mm PLACE NEAR=L9701.1:3mm Ll F2iosa S
i ’ PLACE_NEAR~DS701.2:5mm
i = _‘ l PLACE_NEAR~DS701.2:3mm
[his is feedback! -
PLACE NEAR=1
= XW9720
sM
PPVOUT_SW_LCDBKLT_FB 1 542
. . VOLTAGE=-40V =
2 MIN LINE WIDTH-0.1 PLACE_NEAR-CS757.1:5mm
GO’;?? gzﬁicgm MIN NECK _WIDTH=-0.1 - o
L 4
PLACE_NEAR=U9701.C4:4mm
c9711. 2
0.1UF —
108 —T—
16V
X7R-CERM 2
0402
4
*——
R9755 y
10K 3 a b3
1 2
o VDDIO VLDO VIN
1/16W
ME-LE U9701
25-BUMP-MICRO
BKL VSYNC R D2 BY
R9741 - = -~ | VSYNC SW_0 S R
L JLOK N o Sw_1| B2 4 T ;
i FILTER R9717
5% 0 PLACE_NEAR-US701.ES:10=m 0
1/16W BKL ISET B3 | 1GET 1 FB = 1 2 LED RETURN 1 &
MF-LF R MIN LINE WIDTH-0.5 mm /\/\/\/ MIN LINE WIDTH-0.5 mm m
e BKI, FSET B4 = MIN_NECK_WIDTH-0.20 mm /5! MIN NECK WIDTH-0.20 mm
1/16W
_ FSET RN MF-LF
402
BKL_SCL D2 | sCcLK -
BKL._SDA D4 ouT1 e BKLT : PROD
SDA Z2
ouT2 - BKL, ISEN2 R9718
BKL, PWM Ad cs BKL, ISEN3 = z
— PWM OouUT3 ) PLACE_NEAR-US701.D5:10=m x /\/{/\/2 LED RETURN 2 5 A
\/2 Py BKL_EN A | EN ouT4| E2 BKL_ISEN4 MIN LINE WIDTH-0.5 mm MIN LINE WIDTH-0.5 mm oD
Grape] w BKL ISENS MIN NECK WIDTH-0.20 mm 1/5:“ MIN_ NECK WIDTH-0.20 mm
TP_BKL_FAULT ¢ | FAULT o ~ BOTTOM MF-LF
31 2 == AUL E1
AR9715 QuUTée BKL,_ISEN6 402
K PLACE_SIDE=BOTTOM CRITICAL
§ 100K = = = BKLT: PROD
1%
. 0 [ n u
3 o iE g ¢ o R9719
1 402 = z PLACE_NEAR-U9701.C5:10=m g 0 o LED RETURN 2
€ 74
e B 98 MIN LINE WIDTH-0.5 mm /\/\/\/ MIN LINE WIDTH-0.5 mm 4
= I I MIN NECK WIDTH-0.20 mm 1/51%6_” MIN NECK WIDTH-0.20 mm
=7 7 - %] BOTTOM Mi'c-,g?
I LED=22.7mA BKL.T: PROD




R/zZ20/ R/£400 0. 200D o W 6 -
21K 13K 10K 6.49K
XW7203 1716w 1716w 1916w 1716w XW7204
ngtE¥ A fiEtER felEE
sM 402 402 402 402 SM
2 % p & 5V_SB_VFB_XW7203 l/\/\/\/Z ° 1 /\/\/\/2 l/\/\/\lz ° I /\/\/\/2 3V3SS_VFB__R7270 2 R b
PLACE NEAR=L7260.1:1 MM
- PLACE [NEAR=L7220.
this circuit? . =PEVAV3_REG_EN
. » _=PPVIN S5 _5VS3 -
R7273
SM —— 1UF Li1su
2 5o T i i
2 ¥5R
PLACE NEAR=C7291.1:1 MM | ®03-1 =PP5V S5 LDO ,
— * = P5VP3V3_REG3,
CRITICAL 1
17282 |1c7280 107281 L §F240
—— 0.001UF 82UF — 1UF P5VP3V3_VRER —T— 20%
=T =20% 20% 10% 2 10V
> 50V > 16V 2 23V CERM G2 204
CERM ELEC X5R WC72"] 1 203 -
402 B6S-SM 603-1 0 99UF 0. YUE ——
PLACE _NEAR=Q72/60.5:1MM — Yo% =2 1ev 5
_NEAR=C7281.1:3MM l 2 32Em o = X7R-CERM
A C7260 402 VIN  VREF R7220
= i 0, 1UF R7260 14lsKIPSEL vREG3|®
OMIT 16v 5 MIN LINE|WIDTH-O0.[6 MM lsélGW
CRITICAL 0| X7R-CERM L/16W wasmexfwiomm-o o 4 TONSEL vrReGs|t? PPSV_S9 LIDO ¢ UECLF —
Q7260 — 0. Cghar i CRITICAL
RJKO3E1DNS o |G 4 2|2 P5VS3 VHST | l/W\,2 PS5 7S3_VBST22VBST1 vesT2|? P3V38E5 |VBST 1 NV\GMZ P3V3S5 VBST R —
HWSON-8 | I | MIN'vLINE‘NIDTH-O.f N U72 O O MIN_LiiNE_wIDTRLD f MEN__L:}:E_HID‘:—I-L:“E M |<._
+ om_JRcK WIrTE-0. 12 W P5V$3 DRVH 2Ypovm prRE2|10 P3V3S5 | DRIV " sfcrwmom-0.2 st wun wecx wiom-o.2 et 3
CRITICAL 5 e ——_ - —— e
L7 2 6 O * ;‘Z:_l:;{’E_NXDTH-C .6 v B ol g hL2 T :lyz‘;(_z.“us_wu::-i-c.s MM *
4. 7UH-13A-15M0 o atesiain ks PSVE3_DRVL 9pgvr1 a prvL2|12 P3V3S5 | DRVL S S W D H
1 2 Mz N MM lq.
N 24 n 7 MIN_NECI MM
PCMB104E4R7-SM * P5VE3_VO1 Vo1 g voz|7 P3V3S5 V02 s 6 i
B PS5VYS3_VFB _Zyre: = vre2l2 _P3V3SS5 |VEFB i
¢ OMIT ﬁVS3 ENTRIP lENTRIPl ENTRIP2 6 P3V3SG5 [ENTRIP 3
D
CRITICAL CBLLIEAT _\ MIN Love wiomae ¢ b .
30 J|*C729) RJKO3EODNS oy le )4 e 2a00D|22
—<220UF HWSON-3 | IR7271 107273 1| R7272
2 §,3¥ , 115K eno|12 5V3V3_REG_EN|_|” Yo% 78 7K
DIA-SM 8 § ilew GND THRM PAD - 8%y iew
%OéLp 9 @ 2 X5R M{‘—LF
> 603 402
L 2 L 2
GND 5V3V3S5 SGND l 1 2
s MIN LINE WIDTH=0.6 MM © X
MIN-NECK_WIDTH=0.2 MM
VOLTAGE=0V YIW72N1




RIS/ R/Z268 R/Z269 R/7270 -
21K 3K 10K 6.49K
XW7203 1516w Ti1em 1w 1716w XW7204
A figifl HEiEE ot
sM 402 402 402 402 SM
2521 SV_S3_VFB_XW7203 1ApN,2 . LAAN 2 LAAN 2 . LAAN,23V3S5_VFB_R7270 o 2 542
' PLACE NEAR-L7260.1:
- \ PLACE [NEAR=L7220.
tells th4 chip what to do! » =BSV3V3_REG_EN
s« » =PPVIN S5 5VS3 .
R7273
= e a2
2 1 = 2
PLACE NEAR=C7291.1:1 MM | 603-1 =PP5V S5 LDO ;
— * = PSVP3V3_REG3,
CRITICAL 1
1C728p |1C7280 107281 CIe&l
—L §_co1pr - gouF = THF PSVP3V3_VRER 8%
2 52Y, 2 8% 5, 85% - > Cgm C72201:
CER g%g.(_:sm X3R . CrE2"] 1 0, B ——
PLACE_NEAR=0Q72/60.5:1MM J— (1)0 22UF = 18V .
_NEAR=C728¥.1:3MM l 2 &2%m o = X7R-CERM 2
1 i C7260 202 VIN  VREF R7220
= 0,,1UF R7260 o e X
OMIT 16V 5 MIN LIKRE|WIDTH=0.|6 lélsw
CRITICAL 0| X7R-CERM L/16W swinowcxuro-o o 4ToNSEL vreGs|t? PPSV_ S LDO ¢ UESLF _
7260 —] I T il 22 CRITICAL 5 —
RJKO3IE1DNS o G 4 M:Rl AAA 2 P5VS3 VB VBST1 VBST2 P3V3S5 |VBIST 1 MZ P3V3S5 VBST R
HWSON-8 Mu{_x.xns_wxo'm-mf M J— U72 O O Mn\z_x.m:i_wxo ) f th:_z.:r:s_wm:‘.—}-i.f 2 |<_
i O T PS5VE3 DRVHR2Yprvu1 pRVES| T P3VISE | DRIVH X ESMIDTEn0-2:.00¢ | MOL NRCE Wman0-2 e 1 I
Y MIN_LINE WIDTH-0.6|MM QFN MIN _LINE WIDTH-0.6 MM
CRITICAL [ MIN_NECK WIDTH-0.2 |MM - 20 11 " NECK_WIDTH=0.2 MM
L7 2 6 O :::::;;a:ww:—a-a .6 [vm PS5V 3—LL LL1 g LL2 PBVBSS——LL = 1 :Hxl_‘f':i-':.s MM *
4 .7UH- 13A‘15M0 e e i PSV$3 DRVL Yshevia - pevrz|12 P3V3S5 | DRV, e -
1 2 L A n T PR MOS0 g ek =
PCMB104E4R7-5M * PSV$E3_VO1l  Hvor @ voz|7_P3V3S5 |VOR s s| I
P5V{S3_VFB VFB1 H vrez2|> P3V3S5 |VFB
. L
¢ CRIQI‘N:I[IC%L i!iVS3 ENTRIP YenTRIPI enteIip2|® P3V3SS5 |ENTRIP 3
D i
) CRITICAL Sraely/ [y, \ | WRLHREHERES:S R ELN
26 [tey200 RIKO3EQDNS o] ft oaoopl 22
——220UF HWSON-8 L RI271 1 07273 n B1272
2 E!L%\C, I 115K eno[132 5V3V3 REG EN|_| 10UF 78 .7K
DIA-SM e § 1516w GND THRM PAD T 23v /16w
%OELF 0 i 2 X5R Mé‘—LF
, 1 5 603 o[ 402
. ’ 3
GND 5V3V3S5 SGND l 1 2
bt MIN LINE WIDTHZ0.6 MM ® e
MIN-NECK—WIDTH=0.2 MM
VOLTAGE=6V YIN72 01




Standard backlight circuit faults!

Blown fuse.

Short to ground on output through LCD, LCD connector, LCD cable, or
internal board issue.

Not being told to turn on.

Open circuit — somewhere, the line has been burned away so power is
not passing.

Being told to turn on, but LED driver is unable to tell it to turn on.

No feedback — LED driver cannot see what it is doing so it does not
boost.



blown line between fuse and output transistor

o | 5 | 4 [
5v not coming into LED driver.

Happened once in my lifetime.

8 | / I

PPBUS S0 LCDBKLT FET

SUPER COMMON!!!
Blown fuse A CHANNEL P-TYPE
RDS (ON) 43 mOhm @4 .5V I
CRITICAL
Q9706 LOADING 0.715 A (EDP) I
FDC63B8APZ_ SEMS001
SEOTE-HY PPBUS_SW_LCDBKLT_ DPWR " 77
F9700 = 533:?&??:33%:3235"‘; THERE IS A SENSE JESISTOR BETWEEN
D 3AMP-32V-467 . VOLTAGE=12.6V i ) ) B
, _=PPBUS_S0_LCDBKLT 1 - a PPBUS S0 LCDBKLT FUSED - - PPEUS_SW_LCDEKLTFPWR *C9797 AND CS79% S
MIN_LINE_WIDTH=0.4 =m _% . AND PPBUS_SW_B *DPBUS_SW_LCDEKLT _DW
MIN_ NECX_WIDTH=0.25 mm % (o
€03-HF VOLTACE=12.6V = L *LCD_BKLT_DV

'R9788 co782 *

S 301K 0-108 ” » _=PPSV_S0 e
. . }\1“ v CRITICAL
voltage divider not Hi - 19701
g 2 blown trace from 33UH-1 . BA1 1 0MOHM
Worklng, / Output of SWBKL: T8 e, | T Y L= _DPBUS,
09712J_ _Ec 713 i S
so 12v goes to gate of : - 100F 0.10F o
E & transistor to input of TR
9706 = 80s 452-
— q ) COI|. It happens. AR=-LO9701.1:4mm PLACE _NEAR~LS9701.1:3mm
causing power to not
T 9707 | 2L
flow to circuit iensinrs: | £
SOT563 lq- PLACE_NEAR-US701.D1:5mm PLACE_NEAR-US701.D1:3mm
H C9710 ? 1 Co714
1UF —n oy B 0.01UF PRy
ra re. 4 %E;v 2 B igi CERM
! LCDBKLT DISABLE s X7R-CEN
SSMG%?;A%Z IEQ + _=PP3V3 S0 BKL VDDIO o
SOT563 IQ' PLACE_NEAR-US701.C4:4mm
(@ H c9711i
0.10F
2[le ™ s v
:« [Ty BKLT_PLT RST L / x7R-cuEx T
R9755 i 4
d 10K F b a (3
Q9707 dead, not allowingbottom of voltage £y VEOTO Vioo VIN
i Mo, U9701
divider to be sent to ground - ALMOST NEVER BKL_VSYNC_ R G- S e | W
— R9741 2 | vsyne sw_o| =
HAPPENS -_,\1/27\/; ., e | prurer _ SW_1| B2
R9753 e e = lrser & FBL ™
« ¥y =12C_BKL 1 SCL :’\/g/\/: S BKI._FSET s |pgpr 4
Addr: 0x58(Wr) /0x59(Rd4) . R9'0757ﬂ ;Z{%g qu“ SCL : SCLK ouT1| EBS BKL ISEN1
«(Ery—=12C_BKL 1 _SDA LAAAA a0z BKL_SDA SBA ourz2| PS5 BKL_ISEN2




—9
ANy

PPBUS_SW_LCDBKLT PWR
MIN_LINE_WIDTH=0.4 mm
§ MIN NECK WIDTH=-0.25 =m

VOLTAGE=~1

blown via\between backlight power transistor
output angl voltage divider that
creates 3 Vblt enable signal for enable pin, happens; i

sometimes!

Ll
THERE IS A SENSE RESISTOR BETWEEN
PPBUS_SW_LCDBEKLT_PWR

AND PPBUS_SW_BKL

ON THE SENSOR DPAGE

=PP5V_S0_BKL

=PPBUS_SW_BKL

CTRITICAC ¢
C9712 "I |‘- C9713
10UF 0.10F

2 2

10% 10%
25V 25V
XSR XSR
805 402

PLACE_NEAR=-LS701.1:4mm PLACE_NEAR-LS701.1:3mm

PLACE_NEAR-US701.D1:5mm

Cco9710'* 1 C9714

— 0.01UF

X7R-CERM

€03-1 0402

PLACE_NEAR-US701.D1:3mm

*C9797 AND C9799 SHOULD BE PLACED IN T-BONE FOR ACOUSTICS

*PPEUS_SW_LCDEKLT PWE_SW SHOULD BE KEDPT AS SHORT AS POSSIELE.

CRITICAL

L9701
33UH-1.8A-110MOHM

1217AES-28M

*LCD_BKLT PWM SHOULD EE AWAY FROM BOOST CIRCUIT

2
>
p

PPBUS_SW_LCDBKLT PWR_SW

PLACK NRAR-L9701.2:3mm
CRITICAL
D9701

S0D-123
PLACK _NRAR-U9701.A%:3mm
Py o &

PPVOUT SW_LCDBKLT

MIN_LINE WIDTH=~0.5 MM
MIN_NECK_WIDTH~0.2 MM
1 OLTACE=-40V

WITCH NOOR-=TRUN
JIDT=TRUR

PPVOUT_ SW_LCDBKLT FB

MIN_LINE WIDTH-0.5 MM
CRITICAL MIN_NECK WIDTH=0.375 MM

1 09799 VOLTACE=50V
10UF

¥ N'x - o
VL 1 CRITICAL
1 C9797
10UF 101

RB160M-60G ]1 C9796
220PF
10%
2 '2 SOV
1210-1
& PLACK_NRAR-D9701.32:Smm

10%
50V
% XSR
PLACR NHAR-D2701.2:3mm

sov
X7R-CERM
0402

XS5R
1210-1

|||—q>—'

XW9720
o™

1&:

VOLTACE~40V

51 _WIDTH=D.1 MM
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PPBUS_SW_LCDBKLT PWR

LVDS CONNECTOR:518S0787

75000
Shorts to ground inside the LCD - 1 ' O
connector happen ALL THE TIME! If s | .
mmm« you cannot find a short on backlight = === l H)
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connector. Even if the LCD connector is et
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Hey, | have no backlight...

right?

e People say they have no backlight when they have no image.

If you do not have an image, you could have a bad screen, bad
LCD cable, or DDC circuit is not recognizing screen.

e The PCH, GPU, GPU MUX will never issue power to Q9707 to
allow power through to the backlight circuit if it does not see a

proper screen!

Q9707 |22

SSMEN15AFE
K

T

8 @ LCD BKLT EN

These signals only

L appear when the

machine
ecognizes a
_|proper LCD

LCDBKLT DISABLE

Without these signals being
present the backlight wil
never turn on.
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SSM6EN15AFE
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2 |G ST
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WTF is a DDC circuit?

The DDC circuit is the introduction between the monitor and the graphics
processing of the computer.

Hi computer, I'm a monitor. Hi monitor, I'm a computer.

Computer, | have 1280x800 resolution. Please don't fuck with me and try to
output more.

LCD, my integrated graphics can do 4K like it aint nothin' but a thang, I'll give
you 1280x800. And | see you're not shorted to ground, so even better.

Picture comes on.

DDC is the means to get the EDID block from the LCD.

DDC also controls Brightness. This is all done on the i2c bus.
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Make sure you check that you have an image.

e Use light from microscope ring around LCD. Do you see ink-like
substance move around? That is LCD being "activated”

e On newer Retina LCDs it is almost impossible to see this, just
shine bright light on back of LCD and wait for Apple logo or
question mark folder to appear.

e Sometimes LCD is detected but not powered on. Then you have
an issue with LCD power circuitry.



Is LCD_IG_PWR_EN present? If yes, LCD is DETECTED and you should have power to LCD;
troubleshoot circuit powering LCD. If LCD _IG_PWR_EN is NOT present, LCD is not detected.
Bad LCD, bad LCD cable, or bad DDC circuit. Or bad GPU, or GPU not being powered.
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If LCD_IG_PWR_EN is present but 3v is not available
on pins 2/3 of the LCD, either U9000 is not
outputting power because it is broken, U9000 is not
outputting power because it is not receiving power,
or L9004 is blown. Troubleshoot accordingly.



Is the computer's “brain” even turning on?

People often say "no image” when the proper issue is no brain.
If the laptop turns on and there is no chime noise.

If there is no chime noise and you do not measure CPU vcore,

or MCP vcore, or power going to RAM, then the issue is not “no

image” - it is "NO BRAIN!!”

Troubleshoot no brain accordingly.



If all voltage rails are present and it doesn't
do anything...

e Bad SPI ROM chip.
e Corrupt SPI ROM.
e Corroded vias/traces to SPI ROM chip.

e SPI ROM chip talks to MCP or PCH to get everything
working.

e Bad CPU, or bad GPU, or bad PCH — this will not be fun.



If CPU voltage rails are missing...

e Count your lucky stars and hope that they're fixable.

e Common issue as always is voltage controller
IC is NOT BEING TOLD WHAT TO DO!

e Check around CPU vcore area.
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| fixed it and they say it runs slow

Running slow is often due to a sensor issue.

Not slow as in slow hard drive, | mean slow as in the mouse
stutters as it moves across the screen with no activity.

The SMC likes to sense voltage levels, current usage, and
temperatures from various different parts of the machine.

If it receives information that is out of whack, it will turn the
machine off, or make it run very slow as a means to protect
itself from damage.



Run ASD to tell you what sensor is failing

e You will have to venture forth onto the internet to find ASD.

e There are different ASD for every model machine from every
year.

e ASD will tell you what sensor is failing, and then it is your job
to check the schematic and see what's going on.



PBUS voltage sense, VPOR example

e [hisis a common sensor to fail. We look at various modes of
failure.

e Reading above or below high point can be caused by voltage
divider failure.

e Not reading anything can be caused by fucked SMC, fucked
trace/via to the SMC, or sensor not being told to turn on.



Types of sensor failures

e Sometimes the sensor is not turning on.

e Sometimes the sensor is outputting improper data to the SMC
because resistors in the line have gone bad.

e Sometimes the SMC itself is fucked.

Sometimes the data line on which the sensor is communicating is
being brought down by something - dirt in a webcam connector, a

bad webcam, a bad chip. Check if the line is topping out at the max
spec'd voltage of that data line.
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12C
i2c is one of the primary interchip communication busses
Shown as SDA and SCL on schematics and datasheets.
SDA - Data Line : SCL - Clock Line

Both lines will have a pullup resistor to a power rail - If the pullup is open, short, or out of spec
12¢c will not work properly

Its purpose is to provide communication/instruction to an IC. That is to say, even with power,
ground, and enable, many ICs need programming over i2c to function.

The entire i2c bus can monitored and communicated with via inexpensive external tools with a
connection to SDA, SCL, and GND

Basic functionality can be determined with DMM and Oscope. You won't know what the bits mean
but you will know they are there.



How Apple plays dirty with LCD’s

Unlike any other manufacturer, Apple includes a special validation/genuine string in the
LCD EDID Block.

Before any power or data is sent to the LCD this must be validated via the DDC handshake.

In the event of liquid damage where your EDID data may get corrupted, an otherwise
functional LCD will not turn on when this validation fails.

EDID data can be read, verified, and reprogrammed with inexpensive tools (Bus Pirate, or
literally any other i2c programmer). It is a simple 2 wire i2Zc EEPROM

If backlight voltage gets sent to your EDID IC you can pretty much guarantee it will be
corrupted.

Valid data can be pulled from the same model Macbook and programmed to the damaged
lcd without issue.



How to get 20V on USB-C powered machines

Usually we look for “Green Light” (onewire circuit / pp3v42 covered earlier)
USB-C machines have no light indicator -> Use Ammeter
20V on the ammeter is Equivalent to having “Green Light” on a Magsafe 1/2

PP3v3LDO and why it matters.



What is this CD321X BS and how do they work?

e CD3215/CD3217 are the chips responsible for power provisioning, 10,
orientation sensing etc.

e They have pins and voltages that self enable the moment they receive
DC-IN from the charger

e DO voltages and PP3v3G3H

e In most cases, all CD3215 must be functional to receive 20V on the
charger.
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USB-C - XA/XB
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