INTEGRATED
CIRCUITS

= UNITRODE

High Performance Average Current Mode PWM

FEATURES

Combined Accurate Voltage
Reference and PWM Functions

1% DAC/Reference
Low Offset Voltage Amplifier

High Bandwidth Current and
Voltage Amplifiers

Low Offset x10, x20 Current
Sense Amplifier

100kHz, 200kHz, 400kHz
Oscillator Frequency Options

Foldback Current Limiting
Undervoltage Lockout

1.5A Peak Totem Pole Output
Chip Disable Function

BLOCK DIAGRAM

UCC1881-1,-2,-3,-4,-5,-6
uCcC2881-1,-2,-3,-4,-5,-6
UCC3881-1,-2,-3,-4,-5,-6

ADVANCED
INFORMATION

DESCRIPTION

The UCC3881-1,-2,-3,-4,-5,-6 combines high precision reference circuitry with
average current mode PWM controller circuitry to power Intel Pentium® Pro
and other high end microprocessors with a minimum of external components.
The chip includes a precision 5V reference which is accurate to +1% and is ca-
pable of sourcing current to external circuitry. Undervoltage lockout circuitry
assures correct logic states at the output during power up and power down.
Grounding the ENBL pin forces the GATE output low.

The voltage and current amplifiers have a 5.5MHz gain-bandwidth product to
satisfy high performance system requirements. An internal current sense am-
plifier permits the use of a low value current sense resistor, minimizing power
loss. Oscillator frequency is fixed internally at 100kHz, 200kHz, or 400kHz de-
pending upon the option selected. Foldback circuitry reduces the converter
current limit to 50% of its nominal value when the converter is short circuited.
The gate driver is a totem pole output stage capable of driving an external
MOSFET with 1.5A peak current.

This device is available in 16-pin dual in-line and surface-mount packages.
The UCC1881-x is specified for operation from —-55°C to +125°C, the
UCC2881-x is specified for operation from —25°C to +85°C, and the UCC3881-
x is specified for operation from 0°C to 70°C.
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CONNECTION DIAGRAM

DIL-16, SOIC-16 (Top View)
N or J Package, DW Package

/

VSENSE [5 |
comp [ 6|
CAM[7]
CAO 8]

16] 1S+

15] IsOUT
COMMAND
13] ENBL

2] vin

[11] PGND

10] GATE
[9]PVIN

ORDERING INFORMATION
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L See Frequency Gain Table
Package

Temperature Range

ELECTRICAL CHARACTE RISTICS: Unless otherwise specified,

VvFB = 3.5, 0°C < TA< 70°C, TA=TJ.

UCC1881-1,-2,-3,-4,-5,-
uCC2881-1,-2,-3,-4,-5,-
UCC3881-1,-2,-3,-4,-5,-
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Frequency Gain Table

Frequency CS Amplifier Gain
100kHz | 200kHz | 400kHz 10 20
UCC3881-1 X X
UCC3881-2 X X
UCC3881-3 X X
UCC3881-4| X X
UCC3881-5 X X
UCC3881-6 X X

VIN =12V, VSENSE = 3.5V, VENBL =5V, VPvIN = 12V,

PARAMETER

TEST CONDITIONS

| Min | TYP | MAX |uniTs

Undervoltage Lockout

VIN UVLO Turn-on Threshold 10.5 | 10.8 V
VIN UVLO Turn-off Threshold 9.5 10 V
UVLO Threshold Hysteresis 500 mV
Supply Current
IIN | ‘ 2 ‘ | mA
Reference
VDD Output Voltage Ivbb = 1mA, 0°C < TA< 70°C 4.95 5 5.05 \%
IvbD = 1mA, —25°C < TA < 85°C 5
IvbD = 1mA, -55°C < Ta < 125°C 5
VDD Load Regulation Ivbb = OmA to 5mA -10 0 mV
VDD Sourcing Current VDD = 0V 10 mA
ENBL Pin
Pullup Current VENBL = 2.5V | ‘ -50 ‘ -20 | pA
Voltage Error Amplifier
Input Bias Current Vem = 3V -2 0 pA
Input Offset Current Vem = 3V 0.01 pA
Open Loop Gain 1V < Vcowmp < 4V 90 dB




uCccC1881-1,-2,-3,-4,-5,-6
uccC2881-1,-2,-3,-4,-5,-6
uCC3881-1,-2,-3,-4,-5,-6
ELECTRICAL CHARACTE RISTICS (cont.): Unless otherwise specified, VIN = 12V, VSENSE = 3.5V, VENBL = 5V, VPVIN =
12V, VveB = 3.5, 0°C < TA< 70°C, TA=TJ.
PARAMETER ‘ TEST CONDITIONS | MIN ‘ TYP ‘ MAX |UNITS
Voltage Error Amplifier (cont.)
Common Mode Rejection Ratio 1V <VCM < 3.5V 80 dB
Power Supply Rejection Ratio 10.8V<VIN < 15V 85 dB
Output Sourcing Current VVFB = 2V, VCOMMAND = Vcomp = 2.5V -0.9 mA
Output Sinking Current VvFB = 3V, VCOMMAND = Vcomp = 2.5V 7.2 mA
Gain Bandwidth Product F = 100kHz 3 MHz
Current Sense Amplifier
Gain (UCCx881-1,-2,-3) 10 VIV
Gain (UCCx881-4,-5,-6) 20 VIV
Input Resistance 5 kQ
Common Mode Rejection Ratio 0V <Vcm < 4.5V 60 dB
Power Supply Rejection Ratio 10.8V < VIN < 15V 80 dB
Output Sourcing Current Vis- = 2V, VisouT = Vis+ = 2.5V -0.9 mA
Output Sinking Current Vis- = 3V, VisouT = Vis+ = 2.5V 7.2 mA
—3dB Frequency (UCCx881-1,-2,-3) |At Gain = 10 35 MHz
—3dB Frequency (UCCx881-4,-5,-6) |At Gain = 20 1.75 MHz
Current Amplifier
Input Offset Voltage Vem = 3V 10 mV
Input Bias Current Vem = 3V 0.1 A
Open Loop Gain 1V <Vcao <3V 90 dB
Output Voltage High 3.2 \%
Common Mode Rejection Ratio 1V <Vcm < 4.9V 80 dB
Power Supply Rejection Ratio 10.8V < VIN < 15V 80 dB
Output Sourcing Current Vcam = 2V, Vcao = Veomp = 2.5V -0.9 mA
Output Sinking Current Vcam = 3V, Vcao = Vcowp = 2.5V 7.2 mA
Gain Bandwidth Product F = 100kHz 35 MHz
Oscillator
Frequency (UCCx881-1,-4) Ta = 25°C 85 100 115 kHz
Frequency (UCCx881-2,-5) Ta =25°C 200 kHz
Frequency (UCCx881-3,-6) Ta =25°C 400 kHz
Frequency Change with Voltage 10.8V < VIN < 15V 1 %
Output Section
Maximum Duty Cycle 90 95 99 %
Output Low Voltage IGATE = —100mA 0.2 \%
Output High Voltage IGaTE = 100mA 11.8 \%
Rise Time CGATE = 3.3nF 20 80 ns
Fall Time CGATE = 3.3nF 15 80 ns
Foldback Current Limit
Clamp Level Measured at Volt EA Output; VFB = VcommMAND = 3V 4.4 \%
VcoMmMmAND = 3V, VvrFB = 0, VFB = VcommAND = 3V 3.7 Vv
Output Impedance IGATE = 100mA 2 Q
IGATE = =100mA 2 Q




PIN DESCRIPTIONS
CAM (current amplifier inverting input): The average

load current feedback from ISOUT is applied through a
resistor to this pin. The current loop compensation net-
work is also connected to this pin (see CAO below).

CAO (current amplifier output):  The current loop com-
pensation network is connected between this pin and
CAM. The voltage on this pin is the input to the PWM
comparator and regulates the output voltage of the sys-
tem. The GATE output is disabled (held low) unless the
voltage on this pin exceeds 1V, allowing the PWM to
force zero duty cycle when necessary. The PWM forces
100% duty cycle when the voltage on CAO exceeds the
oscillator peak voltage (3V). To provide superior transient
response, a 3.2V clamp circuit prevents the CAO voltage
from rising excessively past the oscillator peak voltage.

COMMAND (digital-to-analog converter output volt-
age): This pin is the noninverting input of the voltage
amplifier. The voltage on this pin sets the switching regu-
lator output voltage. A high accuracy voltage may be
generated by connecting this pin to the tap point of a re-
sistor divider connected between VDD and GND. Bypass
COMMAND with a 0.01pF, low ESR, low ESL capacitor
for best circuit noise immunity.

COMP (voltage amplifier output):  The system voltage
compensation network is applied between COMP and
VFB.

GATE (PWM output, MO SFET driver): This output pro-
vides a 1.5A totem pole driver. Use a series resistor of at
least 5Q between this pin and the gate of the external
MOSFET to prevent excessive overshoot. GATE has a
typical output impedance of 2Q.

GND (signal ground): All voltages are measured with re-
spect to GND. Bypass capacitors on VIN and VDD
should be connected directly to the ground plane near
GND.

ENBL (chip enable pin): This input is used to disable
the GATE output. Grounding this pin causes the GATE
output to be held low; floating the pin or pulling it up to 5V
ensures normal operation. ENBL is pulled up to 5V inter-
nally.

IS- (current sense amplifier inverting input): This pin
is the inverting input to the current sense amplifier and is
connected to the low side of the average current sense
resistor.
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IS+ (current sense amplifier noninverting input): This

pin is the noninverting input to the current sense amplifier
and is connected to the high side of the average current
sense resistor.

ISOUT (current sense amplifier output):  This pin is the
output of the current sense amplifier. The voltage on this
pin is (COMMAND + GCSA * IAVG * RSENSE), where
COMMAND is the voltage on COMMAND, IAVG is the av-
erage load current of the system, and RSENSE is the
value of the average current sensing resistor. GCSA is
the fixed gain of the current sense amplifier (10 for
UCCx881-1,-2,-3, and 20 for UCCx881-4,-5,-6).

PGND (power ground): This pin provides a dedicated
ground for the output gate driver. GND and PGND should
be connected externally using a short PC board trace.
Decouple PVIN to PGND with a low ESR capacitor
>0.1uF

PVIN (positive power supply voltage):  This pin pro-
vides a dedicated power supply connection for the output
gate driver. This pin should be bypassed directly to
PGND. VIN and PVIN may be tied together directly, or
VIN may be filtered from PVIN.

VFB (voltage amplifier inverting input): This input is
connected to COMP through a feedback network and to
the power supply output through a resistor or a divider
network.

VDD (voltage reference output):  This pin provides an
accurate 5V reference and is internally short circuit cur-
rent limited. VDD also provides a threshold voltage for
the UVLO comparator. For best reference stability, by-
pass VDD directly to GND with a low ESR, low ESL ca-
pacitor of at least 0.01uF.

VIN (positive signal supply voltage):  This pin supplies
power to the chip. Connect VIN to a stable voltage
source that is at least 10.8V above GND and capable of
sourcing at least 15mA. The GATE output will be held low
until VDD exceeds the upper undervoltage lockout
threshold. This pin should be bypassed directly to GND.

VSENSE (output voltage sensing input):  This pin is
connected directly to the system output voltage and is
used by the foldback current limiting circuitry.



