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Apparent path of sun through sky

Baseline Rd. is 40˚N

Times are not
corrected for
location of Boulder
in Mountain Time
Zone

Net panel irradiation
depends on cos( )
with

= angle between
panel direction and
direction to sun

So take your data
quickly
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Laboratory facilities: mobile PV cart

PV panel
85 Wpk

17.2 V at 4.95 A
Shell SQ-85P
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Inverter
60 Hz 300 W

120 Vrms

6 outlet
ac power strip

Alarm
Battery low voltage

Voltmeter
Battery voltage

Battery
charger

Battery
12 V

deep-discharge
56 A-hr

Off cart:
on stationary workbench
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Upcoming weeks:
Design and build inverter system

12 VDC HVDC: 120 - 200 VDC

AC load
120 Vrms
60 Hz

Battery

DC-AC
inverter

H-bridge

DC-DC
converter

Isolated
flyback

+–

d(t)

Feedback
controller

Vref Digital
controller

d(t)

+

vac(t)

–

Exp. 2: analog
control/PWM
circuitry

Exp. 3: Step-up dc-dc converter
and closed-loop  control

Exp. 4: Inverter and
digital controller
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The UC3525 PWM Control IC

Key functions:
Oscillator (sawtooth
wave generator)

PWM comparator
and latch

Error amplifier

5.1 V reference

Pulse-steering logic

Output drivers

Shutdown and soft-
start circuitry
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How a pulse-width modulator works

Sawtooth

wave

generator
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vsaw(t)
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Equation of pulse-width modulator

vsaw(t)VM

0

δ(t)
t

TsdTs

vc(t)

0 2Ts

For a linear sawtooth waveform:

d(t) =
vc(t)
VM

for 0 ≤ vc(t) ≤ VM

So d(t) is a linear function of vc(t).
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Sawtooth (Ramp) Oscillator
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Simplified Block Diagram of Oscillator

I = (5.1 V) – 2(0.7 V)
RT

Vmax = (5.1 V) 14 kΩ
14 kΩ + 7.4 kΩ

= 3.3 V

Vmin = (5.1 V)
2 kΩ || 14 kΩ

2 kΩ || 14 kΩ + 7.4 kΩ
= 1.0 V

Blanking pulse causes driver
outputs to be low, so that dTs ≤ tc
Increasing RD reduces maximum
allowed duty cycle Dmax

vT

Vmax

Vmin

Charge interval tC
I charges CT

Discharge interval tD
RD discharges CT

Switching period Ts

I /CT

VM =

Vmax – Vmin

iT = CT

dvT

dt
hence

dvT

dt
=

iT

CT
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signal vT

Blanking pulse

Comparator
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UC3525 Oscillator section
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Error Amplifier
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Transconductance amplifier
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Error Amplifier with Load
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Z(s)gm(v2 - v1)
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The differential voltage gain is: gmZ(s)

With large Z(s), the differential voltage gain is large. The data sheet 
specifies a low-frequency differential voltage gain of at least 1000 (60 dB).
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Connect to produce adjustable D

1

2

9

to PWM
comparator

gm

vcomp

internal Z(s)

Vref

pin 16

external pot

vin

The error amplifier is connected as a unity-gain stage: vcomp = vin

The duty cycle D can be adjusted by the external pot.
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Outputs of the UC3515A

Output of PWM comparator

Flip-flop output Q

Flip-flop output Q

Output A

Output B

DTs Ts

output A output B

11 14

VC

13

output of
PWM

comparator

flip-flop
output Q

flip-flop
output Q

Frequency of the 
outputs is one 
half the oscillator 
frequency. Duty 
cycle cannot be 
greater than 
50%.

Such outputs are 
needed in some 
types of switching 
converters such 
as “push-pull.”

Outputs A and B can be OR-ed to restore the PWM pulses at the oscillator frequency. 
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Driving a Power MOSFET Switch

Drain

Source

Gate Cds

~ 1 nF

Cgd

~ 30 pF

Cgs

~ 3 nF

Drain

Source

Gate

+

_

vgs

MOSFET capacitancesPower MOSFET

MOSFET is off when vgs < Vth ≈ 2.5 V

MOSFET fully on when vgs is 
sufficiently large (10-15 V)

Warning: MOSFET gate oxide breaks 
down and the device fails when 
vgs > 20 V. 

Fast turn on or turn off (10’s of ns) 
requires a large spike (1-2 A) of gate 
current to charge or discharge the 
gate capacitance

MOSFET gate driver is a logic buffer 
that has high output current capability
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Driving a Power MOSFET Switch

rest of the converter circuit

Drain

Source

Gate

10 Ω

decoupling C

VCC

TSC427

PWM pulses
from

UC3525A

Gate driver

MOSFET gate driver is used as a logic buffer with high output current (1.5 A) 
capability

The amplitude of the gate voltage equals the supply voltage VCC

Decoupling capacitors are necessary at all supply pins of UC3525A and TSC427




