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Description
The HA16178/FPis a pover-facor correcion (PFC) cortroller IC.
This IC adops cortinuows conduction mode asPFC operaion.

Various functionssich as over voltage detecion, over aurrent deecion, soft gart, feedbackoop disconrecion
detection are ircorporated ira Sngle chip. This eliminatesa sgnificant anount of exemal circutry.

PFC operaiton canbe trned onard off by an external cortrol signal. By using this function, PRC operatton canbe
disabled at low input voltage, allowing remote cantrol from the secadary side.

A soft-start contol pin providesfor the easyadjustment of soft-start operaiton, ard canbe wsed D prevert overshooting
of the autput voltage.

Features

*  Maximum ratings
0 Power-sypply voltage Vcc: 24 V
0 Operating junction temperature Tjopr: —40 to 125°C
» Electrical claracteritics
0 VREF autput voltage VREF: 5.0 V = 3%
0 UVLO operation startvoltage VH: 10.5+ 0.7V
0 UVLO operaion sop wltage VL: 9.0+ 0.5V
0 PRC ouput maximum ON duty Dmax-out: 95% (typ.)
* Functions
Continuous @nduction mode
Over \oltage detection
Over curert detectio
Sdt stat
FeedbacKoop dsconrecion detecion
PFC fundion on/off control
Paclage lineup: SOR16 ard DILP-16

Oooooooo
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Pin Arrangement

OUT [1] 16]vCC
PGND [2] 15] SS
SGND[3] 14] EO
NC [4] 13]FB
PFC-ON [5] 12] 1AC
VREF [6 | 11]NC
CAO[7] 10]CT
cs[8] 9|RT
(Top view)
Pin Description
Pin No. Pin Name 1/0 Function
1 ouT Output Power MOS FET gate driver output
2 PGND — Ground
3 SGND — Ground
4 NC — No connection
5 PFC-ON Input PFC function on/off signal input
6 VREF Output Reference voltage output
7 CAO Output Current control error amplifier output
8 CS Input/Output Current sense signal input
9 RT Input/Output Timing resistor for operational frequency adjust
10 CT Output Timing capacitor for operational frequency adjust
11 NC — No connection
12 IAC Input Multiplier reference current input
13 FB Input Voltage control error amplifier input
14 EO Output Voltage control error amplifier output
15 SS Output Timing capacitor for soft start time adjust
16 VCC Input Power supply voltage input
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Block Diagram
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Absolute Maximum Ratings

(Ta=25C)
Iltem Symbol Ratings Unit Note
Supply voltage VCC 24 Y,
OUT peak current Ipk-out +1.0 A 3
OUT DC current Idc-out +0.1 A
Terminal voltage Vi-groupl —-0.3to Vcc \% 4
Vi-group2 —0.3 to Vref \% 5
CAO voltage Vcao —0.3 to Vcaoh \%
EO voltage Veo -0.3 to Veoh Y
PFC-ON voltage Vpfc-on -0.3t0 +6.5 Y
PFC-ON clamp current Ipfc-on-clamp 300 HA
RT current Irt —200 A
CT current Ict +800 HA
IAC current liac 1 mA
CS voltage Vi-cs -151t00.3 Y
VREF current lo-ref -5 mA
Power dissipation Pt 1 W 6,7
Operating junction temperature Tj-opr —40 to 125 °C
Storage temperature Tstg -55 to 150 °C

Notes: 1. Rated voltages are with reference to the GND pin.

For rated currents, inflow to the IC is indicated by (+), and outflow by (-).
The transient current when driving a capacitive load.

This is the rated voltage for the following pins:

2.
3.
4.

ouT

VREF, FB, IAC, SS, RT, CT

. This is the rated voltage for the following pins:

6. HA16178P (DILP) type: 6ja = 120°C/W
7. HA16178FP (SOP) type: 6ja = 120°C/W
This is value mounted on glass epoxy board of 10% wiring density and 40 mm x 40 mm x 1.6 mm.
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Electrical Characteristics
(Ta=25°C,VCC =12V, RT = 27 kQ, CT =100 ph

Item Symbol Min Typ Max Unit Test Conditions
Supply Start threshold VH 9.8 10.5 11.2 \%
Shutdown threshold VL 8.5 9.0 9.5 \Y,
UVLO hysteresis dvuvL 1.0 15 2.0 \%
Start-up current Is 140 200 260 HA VCC =95V
Is temperature stability dis/dTa — -0.3 — %/°C | **
Operating current Icc 3.45 4.5 6.45 mA IAC=0A,CL=0F
VREF Output voltage Vref 4.85 5.00 5.15 \% Isource =1 mA
Line regulation Vref-line — 5 20 mV Isource =1 mA,
VCC=12Vto23V
Load regulation Vref-load — 5 20 mV Isource =1 mA to 5 mA
Temperature stability dVref — +80 — ppm/°C | Ta =—40 to 125°C **
Oscillator Initial accuracy fout 58.5 65 715 kHz Measured pin: OUT
fout temperature stability | dfout/dTa — +0.1 — %I°C Ta =-40to 125°C **
fout voltage stability fout-line -15 0.5 15 % VCC=12Vto 18V
CT peak voltage Vct-H — 3.6 4.0 Y, 1
Ramp valley voltage Vet-L — 0.65 — v x1
RT voltage vrt 1.07 1.25 1.43 \%
Soft start Sink current Iss 15.0 25.0 35.0 MA SsS=2V
Current Threshold voltagel VCL1 -0.33 -0.30 -0.27 \% PFC-ON=2V
limit Delay to output td-CL — 280 500 ns CS=0to-1V
Vawvp Feedback voltage Vb 2.40 2.50 2.60 \% FB-EO Short
Input bias current Ifb -0.3 0 0.3 HA Measured pin: FB
Open loop gain Av-v — 60 — dB x1
High voltage Veoh 5.2 5.7 6.2 \% FB =2.3V, EO: Open
Low voltage Veol — 0.1 0.3 Y FB =2.7V, EO: Open
Source current Isrc-eo — -120 — HA FB=10V,EO =25V
Sink current Isnk-eo — 120 — HA FB=4.0V,EO=25V
Transconductance Gm-v 150 200 290 MAN | FB=25V,EO =25V
Camp Input offset voltage Vio-ca — (-10) 0 mv |t
Open loop gain Av-ca — 60 — dB *1
High voltage Vcaoh 5.2 5.7 6.2 \Y,
Low voltage Vcaol — 0.1 0.3 Y,
Source current Isrc-ca — -90 — A CAO =25V **
Sink current Isnk-ca — 90 — HA CAO =25V **
Transconductance Gm-c 150 200 290 PANV | ¥t

Note: 1. Design spec.
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(Ta=25°C,VCC =12V, RT=27kQ, CT =100 pR

Item Symbol Min Typ Max Unit Test Conditions
IAC/ IAC PIN voltage Viac 1.6 2.3 3.0 \% IAC = 100 pA
Multiplier | Terminal offset current | Imo-offset -136 | -90 -73 MA |IAC=0ACS=0V
Output current Imol — —-20 — PA | EO=2V, IAC = 100 pA **?2
(PFC-ON=25V) Imo2 — —-60 — PA | EO=4V, IAC = 100 pA **?2
Output current Imo3 — -5 — HA | EO=2V, IAC = 100 pA *?
(PFC-ON=5.5V) Imo4 — -15 — PA | EO=4V, IAC =100 pA **?2
PFC-CS resistance Rmo — 3.3 — kQ |+t
Gain voltage Vpfc-gain 3.4) (4.1) 4.7) \% Gain = 0.125*"
ouT Minimum duty cycle Dmin-out — — 0 % CAO =40V
Maximum duty cycle Dmax-out 90 95 98 % CAO=0V
Rise time tr-out — 30 100 ns CL = 1000 pF
Fall time tf-out — 30 100 ns CL =1000 pF
Low voltage Voll-out — 0.05 0.2 \% lout =20 mA
Vol2-out — 0.5 2.0 \% lout = 200 mA (Pulse Test)
Vol3-out — 0.03 0.7 \% lout=10 mA, VCC =5V
High voltage Vohl-out 115 11.9 — \% lout = -20 mA
Voh2-out 10.0 11.0 — \% lout = -200 mA (Pulse Test)
Notes: 1. Design spec.

2. Imol to Imo4 defined as,
Imo = (CS Terminal Current) — (Imo-offset)

Cs

111
Oscillator

VREF
—e—-03V

® I
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(Ta=25°C,VCC =12V, RT=27kQ, CT =100 pR

Item Symbol Min Typ Max | Unit Test Conditions
Supervisor/ | PFC enable voltage Von-pfc 1.62 1.75 1.87 V | Input pin: PFC-ON
PG PFC disable voltage | Voff-pfc 1.48 1.6 1.72 V | Input pin: PFC-ON
Input current Ipfc-on — 0.1 1.0 MA | PFC-ON=2V
B+ OVP set voltage dVovps 0.125 | 0.188 | 0.250 V | Input pin: FB **
B+ OVP reset voltage | dVovpr 0.075 | 0.138 | 0.200 \% Input pin: FB **
FB low set voltage Vibls 0.45 0.50 0.55 \% Input pin: FB
Note: 1. dVovps = Vovps — Vref x 0.5
dVovpr = Vovpr — Vref x 0.5
Vovps |
- Vovpr
B N Vrefx 0.5
ouT
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Timing Chart

1. Start-up Timing

VCC -

/~-10.5 V (VH)

L BV

(Von-pfc)

PFC-OFF

PFC-ON |
(Internal signal)

CAO

CAO

SS

ouT

Normal operation

+B voltage
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2. Oscillator, Gate Driver Output

Dead time
(Internal signal)

(Leading edge control)

3. PFC Operation ON/OFF

1.75 V (Von-pfc)

1.6 V (Voff-pfc)

PFC-ON

SS

ouT

RENESAS
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4. FB Supervisor

<
)
<
°
(2]

FB

B+OVP
(Internal signal)

0.5V (FB LOW)

FB LOW
(Internal signal)

SS

ouT
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5. PFC ON/OFF Function

N/ A
Em

Vac

PFC-ON

PFC-OFF
(Internal signal) PFC ON status

Rec+
R1
720 k
l_5—l
l 2]
R2 C1 PFC-ON PFC ON/OFF control
Rec— 20k T 2.2 1.75V
1.60V
VPFC-ON (DC) = 2 x Em X R2
b R1 + R2
_ 2x\2xVac  R2
b R1+R2
Vac = VPFC-ON (DC) x Tt o R1 + R2
2x\2 R2
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Description of Pin Functions

OUT Pin:

The ppwer MOS FETgate-drive signal is output from this pin, ard takes the form of a rectagular waveform with an
amplitude d VCC-GND.

PGND Pin:
The goundteminal for OUT driver.

SGND Pin:
The goundteminal for interral circuits.

PFC-ON Pin:

This pin is appled snoothing voltage of recified AC voltage. Whken1.75 V(typ.) or nore is appled to this pin, PFC
operaton garts. Whenthe wltage is 1.6 V (typ.) or lower, the PFC operaiton sops

VREF Pin:

Temperatue-compensted \oltage with anacarracy of 5 V + 3%is output from this pin. The pin shoud supply no
more then 5 mA (max.) sairce curert. This pin has ro sink capabhlities.

CAO Pin:

This pin is the curert-error anplifier output, and is conrected to tke prase-compenstion circuit of the curent-error
amp. The resilt of comparison of the wltage onthis pin and he CT pin prodicesthe puse ouput from the QUT pin.

CS Pin:

Currert detection pin. The curert is cantrolled to be propartiona to the AC voltage ard the power fador is carected
Whenthe woltage onthis pin dropsto 0.3 V (typ.) or bebw, over curert detcion circuit operaes, ard OUT pin is
stopped.

RT Pin:
A pin for freguency adjustment of the ogillator.

CT Pin:
A pin for frequency adustment of the ogillator.

IAC Pin:

This pin isfor deteding the inpu AC voltagewaveform. Fo processing within the IC, the AC voltage waveform is
corverted to curert information.

FB Pin:

This pin is the input to the voltage errar anp. This pin is agplied to voltage divided PFC output with resstars. The
feedbackoop sintended b keep 2.5 typ.).

EO Pin:

This pinis the autput of the voltage erra anp. This pinis conrected to tk ptase-compenstion circuit of the voltage
errar anp. The wltage on this pin is the inpu signal to the interral multiplier.

SS Pin:

This pinis canectedto GND o VREF via a capcitar. This pinis pulled up to the VREF pin voltage until PFC
operationgarts Whenthe wltage onthe FFC-ON pinhasreacted 1.75 V (tp.) PFC opeation is sart ard this pin
flows 25 YA source curent. Operatiomf the CAO pinis affected ly that o the SS pin, the pdse width of the OUT pin
is limited, ard this preverts overshocting when start p.

VCC Pin:
IC power-supply pin. The ICgarts up at10.5 V(typ.), ard gopsat9 V (typ.).
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Description of Functions

1. UVL Circuit

The UVL circuit monitors the Vcc wltage. When the wltage & lower than 9.0 V, the ICis stopped. Whenthe voltage
ishigher than 10.5 V, IC is garted.

When operaiton of the ICis stoppedby the UVL circuit, the driver circuit outputis fixed low, ouput of VREF is
stopped, ad the o<illator is stopped.

vee 105V (VH)

5y

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

40V

CAO

AAAAAAAA
VYV VvV VT

UIUUULLL

ouT
Figure 1 UVL Operation
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2. Operating Frequency

The HA16178 @eraing frequemry fosc is deermined byadjusting the iming resstor Rt (the RT pin, pin 9) ard the
timing capadiance Ct (the CT pin, pin 10). The opeating frequency is approxmated bythe foll owing expresson:

_ _1.755x10°

fosc = Rt k) » ot (°F) (kHz)

Whenthe ICis operated atilyh freqiencies, the expresion becones less acarate de to ICintemal delay time, etc.
Plea® corirm operaton the valie with the actially mourted IC. The maximum operaing frequency is 400 KHz. Asa
refererce, the operatingrequency datawhenthe timing resstor ard the timing capacitane are clarged is shown in the

below figure.
1000
N ~
T N
< . < Timing capacitance
z 100 == = Ct
g S e ——- 470 pF
g S —— 1000 pF
2 1 ST e 2200 pF
g —-—- 4700 pF
(0]
o
]
1
1 10 100
Timing Resistance (kQ)
Figure 2 Operating Frequency Characteristics
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3. Soft Start

This function prevent appling excessve stresson external comporerts ard overshooting of the PRC oufput voltage (B
+ voltage) when start up. The pulse width is gradudly widening from 0% duty cycle. During sdt-start operation, the
SS anl CAO signals lower with link. The duy cycle iscontrolled bythe CAO signal.

The oft-start time canbe &t by an exterral capaciy.

PFC-ON

SS

CAO

CT

ouT

PFC output voltage /

Figure 3 Soft-Start Operation Waveform
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Main Characteristics

250

Standby Current vs. Power Supply Voltage Characteristics
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Power Dissipation vs. Power Supply Voltage Characteristics
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HA16178P/FP

Reference Voltage Temperature Characteristics
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1.5

Start-up Voltage Temperature Characteristics
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Shutdown Voltage Temperature Characteristics
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Standby Current Temperature Characteristics

280 |
Vecc=9.5V

260

240

220

/

200

180

160

140

Is (nA)

120 1 1 1 1 1 1 1 1
—40 -20

o
N
o
EAN
o
(2]
o
@
o
—
o
o
—
N
o

Operating Current Temperature Characteristics
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VAMP Feedback Voltage Temperature Characteristics
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EO Pin Voltage vs. CS Pin Current Characteristics
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Vamp Frequency Characteristics
80 EELLIGS
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Precautions on Usage

1. CSPin

The CS pn is usedto for detection in PFC cantrol led curent. When power supply is stated up, the wvoltage drop of
inrush current must not exceead the maximum rated \alue ofthe CS pin.

2. VREF Pin

For stalilization, be sue toconned acapacior beween the pin ard grourd. It possible o occu overshoot of VREF by
connectedcapacitarce. The degree d the overstoot will depend on the value d the caneded capacitar. Pay particular
attertion to this point if youinterd to use the VREF pin voltage as reérence \oltage for anexterral circuit.

Vref Overshoot

Vref Peak Voltage (V)
(o]

/////\\
55 — o8
5 ]
0.01 0.1 1
Cref (uF)

Figure 4 Overshoot on the VREF Pin vs. Capacitance

3. PFC-ON Pin

In desgn of worldwide paver supply, it is possible that calalated \oltage exceedmaximum rated wltage of PFC-ON
pin. Actually, asa clanp cirauit is included inthe FFC-ON pin, thevoltage is clamped however, clamp current must
not exceed 30QUA.

4. OUT Pin

Undershooting or owershooting may occu due o the wiring of the QUT pin. These may bring to malfunctions of the IC.
In such a cas, preent the under$ooting or oversdooting by usng a Shottky barrier diode, et.

5. Pattern Layout
In designing the petternlayout, pay asmuch attention as is pssilde tothe following points.

(1) Place tte stallizi ng capacitar for the VREF pin as clee tothe IC as pssildle, am keepthe wiring short.

(2) Place tte timing resstor of the RT pin asclose to the IC asposible, aml keep tke wiring short.

(3) Place tke pras canpenstion circuit for the CAO pin asclose to the IC asposible, ard keep tre wiring short.

(4) Place tte timing capacitor ér the CT pin asclos tothe IC as possible, ard keep the wiring short.

(5) Place tte stalilizi ng capacitar for the VCC pin as close tothe IC as pssilde, am keepthe wiring short.

(6) Place tte IC pins and their wiring asfar from high-voltage switching lines (particdarly the drainvoltage for the
power MOS FET) aspossible ard in general desgn the wiring to minimize switching noise.

(7) It is probable that staliity of operation is acheved by inputing signals via filters topins with input functions. Nde,
however, that suchfilter circuits canaffed the Has canditions for pins that have both input ard output functions.

6. About NC Terminal

NC teminal uses open.
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HA16178P/FP

System Diagram
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HA16178P/FP

Package Dimensions

JEITA Package Code | RENESAS Code [ Previous Code | MASS[Typ.] |
P-DIP16-6.3x19.2-2.54 | PRDPOO16AE-B | DP-16FV | 1055 |

16 9

1 M 1 1 r

O

)

0.89 bs

Dimension in Millimeters
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7 e1 | — | 762 —
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6 [ 0o — 1|15
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