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LENESAS

HA16158P/FP

PFC & PWM IC
RJJO3F0119-0300
Rev.3.00
2007.01.16
HA16158 AC/DC
IC
PWM PWM
HA16158
PFC ON/OFF PFC
PWM 1/64
PFC PWM
< >
— Vcec 24V
— Tjopr —40 +125°C
< >
— VREF VREF 5.0V+2%
— UVLO VH 16.0V+1.0V
— UVLO VL 10.0vV+0.6V
— PFC Dmax-pfc  95% typ.
— PWM Dmax-pwm  45% typ.
< >
— PFC  PWM
— PFC ON/OFF
— PWM ( 164
— PWM
— PFC PWM

— SOP-16 / DILP-16
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HA16158P/FP

GND[ |1 N 16 |PWM-CS
PWM-OUT[ |2 15| |PWM-COMP
PFC-OUT[_ |3 14| |PWM-SS
vcee[ |4 13 _|PFC-SS
PFC-ON[_|5 12| |PFC-EO
VREF[ |6 11| |PFC-FB
cAo[ |7 10[_JIAC
PFC-CcS[_|8 9| |RT
(LER)
No.
1 GND
2 PWM-OUT MOSFET (PWM )
3 PFC-OUT MOSFET (PFC )
4 VCC
5 PFC-ON PFC ON/OFF
6 VREF
7 CAO
8 PFC-CS PFC
9 RT
10 IAC
11 PFC-FB PFC
12 PFC-EO PFC
13 PFC-SS PFC
14 PWM-SS PWM
15 PWM-COMP | PWM
16 PWM-CS PWM
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HA16158P/FP

H g ﬁ -
IAC PFC-CS CAO RT/J;/\N\;T
10 8 \7J 9
VCC
PFE%/\ Multiplier UVLO 4
l L ) Oscillator ;
PFC- 2.5V — PFC-CLK 7;—7
FB 1% @ (PWM-CLK/2)
-0.25V -0.5V
V-AMP +1.0A
PFC-OVP PFC Control W@ PEC-
_d LOGIC ouT
VTH: 2.80V Gain
VTL : 2.60V Selector VREF | VREFE ?VREF
PFC- GOOoD —
VREF
ONG) Tl I
| PFC-FB |supervisor
T Isrc
VTH: 3.80V 251 -
VTL : 3.40V Oscillator SS
Oscillator
PFC ON/OFF —
— PWM Control +1.0A
VTH: 1.50V 1 7v LOGIC 2 i
VL : 120V floa DividerJ PWM
Oscillator
GND [, 2RA
) l > Wy VTH: 2.40V
1.4V RA v L VTL : 1.50V
OVP Latch
r15\ 7%' PFC-FB
PWM- Vref
COMP
re
77 :
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HA16158P/FP

(Ta=25°C)
Vcce 24 \'
PFC-OUT ( ) Ipk-pfc +1.0 A 3
PWM-OUT ( ) Ipk-pwm +1.0 A 3
PFC-OUT ( ) Idc-pfc 0.1 A
PWM-OUT ( ) Idc-pwm +0.1 A
Vi-groupl -0.3 Vcc vV 4
Vi-group2 -0.3 Vref \ 5
CAO Vcao -0.3 Veoh-ca V
PFC-EO Vpfc-eo -0.3 Veoh-pfc \
PFC-ON Vpfc-on -03 7 \
RT Irt 50 pA
IAC liac 1 mA
PFC-CS Vi-cs -1.5 03 \
VREF lo-ref -20 mA
VREF Vref -0.3 Vref Vv
Tj-opr -40 +125 °C 6
Tstg =55 +150 °C
1. GND(SGND, PGND)
2. IC (+) @)
3.
4.
PFC-OUT, PWM-OUT
5.
PFC-FB, PWM-CS, PWM-COMP, IAC, PFC-SS, PWM-SS, RT
6. HA16158P(DILP) 0ja = 120°C/W

HA16158FP(SOP) 0ja = 120°C/W
40 % 40 x 1.6 [mm]

10%
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HA16158P/FP

(Ta.: 25°C, Ve =12V, Vour = 5V)

Min Typ Max

Supply Start threshold VH 15.0 16.0 17.0 \%

Shutdown threshold VL 9.4 10.0 10.6 \%

UVLO hysteresis dVuw 5.2 6.0 6.8 \%

Start-up current Is 160 220 280 pA Vce = 14.8V

Is temperature stability | dls/dTa - -0.3 - %/°C |+

Operating current Icc 55 7.0 8.5 mA IAC = 0A, CL=0F

Shunt zenner voltage Vz 25.5 27.5 295 \% Icc = 14mA

Vz temperature dvz/dTa - -4 - mV/°C | lcc = 14mA **

stability

Latch current ILATCH 180 250 320 pA Vee =9V
VREF Output voltage Vref 4.9 5.0 5.1 \% Isource = 1ImA

Line regulation Vref-line - 5 20 mV Isource = 1mA,

Vec =12V 23V

Load regulation Vref-load - 5 20 mVvV Isource = 1ImA 20mA

Temperature stability | dvref - 80 - ppm/°C | Ta=-40 125°C *'
Oscillator | Initial accuracy fpwm 117 130 143 kHz Measured pin: PWM-OUT

fpfc 58.5 65 715 kHz Measured pin: PFC-OUT

fpwm temperature dfpwm/dTa - 0.1 - %/°C | Ta=-40 125°C*

stability

fpwm voltage stability | fpwm(line) -15 +0.5 +1.5 % VCC =12V 18V

Ramp peak voltage Vramp-H - 3.6 4.0 \% PFC **

Ramp valley voltage Vramp-L - 0.65 - \% PFC **

CT peak voltage Vet-H - 3.2 - v PWM **

CT valley voltage Vet-L 1.50 |1.60 - Y% PWM **

RT voltage Vrt 0.85 1.00 1.15 \% Measured pin: RT
Supervisor | PFC on voltage Von-pfc 1.4 1.5 1.6 \

PFC off voltage Voff-pfc 1.1 1.2 1.3 \%

PFC on-off hysteresis | dVon-off 0.2 0.3 0.4 \%

Input current Ipfc-on — 0.1 1.0 A PFC-ON =2V

PFC OVP set voltage Vovps-pfc 2.65 2.80 2.95 \% Input pin: PFC-FB

PFC OVP reset Vovpr-pfc 2.45 2.60 2.75 Input pin: PFC-FB

voltage

PFC OVP hysteresis dVovp 0.10 0.20 0.30 \%

B+ good voltage Vb-good 2.25 2.40 2.55 \% Measured pin: PFC-FB

B+ fail voltage Vb-fail 1.4 15 1.6 \% Measured pin: PFC-FB
OVP latch | Latch threshold Vlatch 3.76 4.00 4.24 \% Input pin: PWM-SS

voltage

Latch reset voltage Vce-res 6.1 7.1 8.1 \Y,
Power Power saving on Von-save 1.53 1.70 1.87 \ Measured pin: PWM-COMP
saving for | voltage
PWM Minimum frequency at | fpwm-min - 2 - kHz | PWM-COMP = 1.5V

light load Measured pin: PWM-OUT *
Soft start Soft start time tss-pwm - 4.2 - ms PWM-SS =0V Vct-h*
for PWM | Source current Iss-pwm -20.0 | —25.0 | -30.0 LA Measured pin: PWM-SS

High voltage Vh-ss 3.25 3.5 3.75 \% Measured pin: PWM-SS
Soft start | Soft start time tss-pfc - 5.7 - ms PFC-SS = Vref Vramp-l **
for PFC Source current Iss-pfc +20.0 | +25.0 | +30.0 pA Measured pin: PFC-SS

1.
( )
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HA16158P/FP

(Ta.= 25°C, Ve =12V, Vour = 5V)

Min Typ Max
PWM Delay to output td-cs - 210 300 ns PWM-EO =5V,
current PWM-CS=0 2V
sense
PFC current | Threshold voltage VLM1 -0.45 | -0.50 | -0.55 \% PFC-ON = 2V
limit Threshold voltage VLM2 -0.22 | -0.25 | —-0.28 \Y PFC-ON = 4V
Delay to output td-Lm - 280 500 ns PFC-CS=0 -1V
PFC-Vamp Feedback voltage Vfb-pfc 2.45 2.50 2.55 \% PFC-EO = 2.5V
Input bias current Ifb-pfc -0.3 0 0.3 pA Measured pin: PFC-FB
Open loop gain Av-pfc - 65 - B |+
High voltage Veoh-pfc 5.0 5.7 6.4 \% PFC-FB = 2.3V, PFC-EO:
Open
Low voltage Veol-pfc - 0.1 0.3 \% PFC-FB = 2.7V, PFC-EO:
Open
Source current Isrc-pfc - -90 - pA PFC-FB.= 1.0V, PFC-EO:
2.5V
Sink current Isnk-pfc - 90 - pA PFC-FB = 4.0V, PFC-EO:
2.5V
Transconductance Gm-pfcv 150 200 250 pAN PFC-FB = 2.5V, PFC-EO:
2.5V
PFC-OUT Minimum duty cycle Dmin-pfc - - 0 % CAO = 4.0V
Maximum duty cycle | Dmax-pfc 90 95 98 % CAO =0V
Rise time tr-pfc - 30 100 ns CL = 1000pF
Fall time tf-pfc - 30 100 ns CL = 1000pF
Peak current Ipk-pfc - 1.0 — A CL = 0.01pF *
Low voltage Voll-pfc - 0.05 0.2 \% lout = 20mA
Vol2-pfc - 0.5 2.0 \% lout = 200mA
Vol3-pfc - 0.03 0.7 \Y; lout = 10mA, VCC =5V
High voltage Voh1-pfc 115 11.9 - \% lout = -20mA
Voh2-pfc 10.0 11.0 - \% lout = —-200mA
PWM-OUT | Minimum duty cycle Dmin-pwm - - 0 % PWM-COMP = 0V
Maximum duty cycle | Dmax-pwm 42 45 49 % PWM-COMP = Vref
Rise time tr-pwm - 30 100 ns CL = 1000pF
Fall time tf-pwm - 30 100 ns CL = 1000pF
Peak current Ipk-pwm - 1.0 - A CL = 0.01pF *
Low voltage Voll-pwm - 0.05 0.2 \% lout = 20mA
Vol2-pwm - 0.5 2.0 \% lout = 200mA
Vol3-pwm - 0.03 0.7 \% lout = 10mA, VCC =5V
High voltage Vohl-pwm 115 11.9 - \% lout = —-20mA
Voh2-pwm 10.0 11.0 - \% lout = —200mA
PFC-CampP Input offset voltage Vio-ca - +7 - mV «1
Open loop gain Av-ca - 65 - B |+
High voltage Veoh-ca 5.0 5.7 6.4 \%
Low voltage Veol-ca - 0.1 0.3 \%
Source current Isrc-ca - -90 - A CAO =25V *
Sink current Isnk-ca - 920 - wA | CAO=25V*
Transconductance Gm-pfcc 150 200 250 pANV |t
1.
( )
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HA16158P/FP

(Ta= 25°C, Ve =12V, Vour = 5V)

Min Typ Max
IAC/Multip | IAC pin voltage Viac 0.7 1.0 1.3 \% IAC = 100pA
lier Terminal offset current | Imo-offsetl —-67 -90 | -113 uA IAC = 0A, PFC-ON = 2V
Imo-offset2 —60 -80 -100 A IAC = 0A, PFC-ON =4V
Output current Imol - -20 - pA PFC-EO = 2V, IAC = 100pA
(PFC-ON = 2.0V) *l,2
Imo2 - -60 - pA P1F2C-EO =4V, IAC = 100pA
*L
Output current Imo3 - -5 - A PFC-EO =2V, IAC = 100pA
(PFC-ON = 4.0V) *1,2
Imo4 - -15 - JIAN PlFZC-EO =4V, IAC = 100pA
+L,
PFC-CS resistance Rmo - 3.3 - kK |t
Gain Threshold voltage VK-H 3.60 3.80 4.00 \% Measured pin: PFC-ON
selector for K=0.05
Threshold voltage VK-L 3.20 3.40 3.60 \Y Measured pin: PFC-ON
for K =0.25
VK hysteresis dvK 0.30 0.40 0.50 \% *t
1.
2. Imol Imo4
Imo = (PFC-CS ) — (Imo-offset)
IMo = K {lac x (VEO — 1V)}
dac, W PFC-Cawp
IAC <>E®K
/ \ ImOi -0.5V -0.25V
3.3k - >
prc-cs () S _
PFC-CS Terminal Imo-offset PEC-CLIMIT

Current
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HA16158P/FP

Over current

PFC-FB S - N Ly :
(Supervise | : 2.4V(Vb-good) W_/ 2.4V(Vb-good) \i\/(\/b-fail)
B+) L | ! ! - !
N . 3.6V(Vramp-H) P ~_3.6V(Vramp-H)
PFC-SS N | R

Normal operation ‘ ‘

' Soft start |
PFC-OUT 4’ m”

PWM-SS

7"1.6V(Vct-L)

| |
-,

Soft stari

“1.6V(Vet-L)

-—— !
Normal operation-

PWM-OUT

| .

Rev.3.00 2007.01.16 page 8 of 23
RENESAS




HA16158P/FP

2. PWM OVP
., Abnormal DC Output
o Recovery
DC-OUT .
c 0V(DC-OUT Shut down)
i evwVH :
Ve L ov(w o/
7.1V(Vce-res) ----------3 A
PWM-SS av(Viatch) -/
3.5V(Vh-ss) :
| Latching term for PWM !
PWM-OUT |
Latching term for PWM |
PFC-OUT !
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HA16158P/FP

3. PWM

Ll
T
SN

PWM-OUT ‘””””””””

[l wmmmnnmmmmmmmmmmﬂmu

U TR EE

eeeeee
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HA16158P/FP

1. UVL
UvL Vcc IC
Vcc 16.0V 10.0v

UvL IC VREF

Vee 160V \ \ 100V
-[~45v \ - 4.5V
VREF /i !

(internal signal)

e LY

PFC-RAMP

(internal signal)

PWM-OUT

PFC-OUT
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HA16158P/FP

2. (PWM )

PWM-OUT 2
0%

,,,,,, \
v oT \— V_PWM-SS

(internal signal)

PWM-SS Db

20T Sbmay UL
PWM-OUT i || || nnnn
2
tsspwm PWM-SS Css-pwm
tss-pwm UvLO VREF PWM-SS IC CT
3.2v
Csspwm  3.3nF tss-pwm
i _ Css-pwm x Vet-H _ 33 [nF] x 3.2 [V]
tss-pwm Iss-pwm 25 [uA]
= 4.2 [ms]

* |ss-pwm: PWM-SSifF Y — X Eift 25uA typ.
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HA16158P/FP

3. (PFC )
PFC-OUT PFC B+
0%
V_PFC-SS
(irfgrigl]gignal) ! ! ‘ ‘ ! /
PFC-SS | ‘ T
ggtrerpr?al (s)ilg]lnal) |_| |_|
PFC-OUT H |_| |_| | | | |
3
tsspfc  PFC-SS Css-pfc
tss-pfc UVLO VREF PFC-SS IC RAMP
0.65Vv
Csspfc  3.3nF tss-pfc
i = Css-pfc x (VREF — Vramp-L) _ 33 [nF] x (5 — 0.65)
tss-pfe Iss-pwm 25 [uA]
= 5.7 [ms]
* |ss-pfc: PFC-SSifF < > ¥ &Eift 25pA typ.
PFC-SS
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HA16158P/FP

4. PFC ON/OFF
PFC-ON
1

PFC-ON

PFC ON/OFF

ON/OFF

PFC ON/OFF PFC-SS
PFC-SS

PWM-SS

PFC

PFC-ON

VREF| |

PFC-SS

PWM-sS[ | F——

PFC-ON[ |—}—

Y

ON/OFF
EE

IC
PFC-CS

4 PFC PWM ON/OFF

PFC-ON 100V 200V
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HA16158P/FP

1.5V
1.2V
PFC'O’\}S\ PFC-ON/OFF i
1 PFC-ON(dc)\J
2.2uF T 12kQ
; > HHEFOFFUE
3.8V .
3.4V —» PFC-CSLEEBEE I E

PFC-ON(dc) =2 * Em/n = R2/ (R1 + R2)
=2=x+2*Vac/n*R2/(R1+R2)

62Vac - —_———-- ! ,,,,,,,,
Ovac !

PFC-ON

ON

PFC status

PEC ONHAR
(RIERIK BE) :

OFF ——— | :

0.25
B RS
(REBIRE)

0.05

-0.25

PFC-SS
thEREEE
(RERIREE)

0.50
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HA16158P/FP

5. (PWM )

PWM-COMP
64 1

PWM

i
2> PWM-OUT W -
PWM

+

6

RT 9} Oscillator
R Logic
Qi
S
— fl64
Divider

&
1.7v

Power Saving

W

NI —t—E UV EAE K

PWM-COMP

VREF
aPWM-COMP%

PWM-CS

%

1.7v

fl64 }
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HA16158P/FP

6. (PWM )
2 PWM PWM-OUT PFC-OUT
PWM-SS 4.0V
PWM-OUT PFC-OUT
VCC 7.1V
Vce
PFC-OUT A
J R 4.0V
PWM-OUT v VREF
+j
7.1V
@ %
2.4V PWM-SS
1.5V J; @‘D _L
PFC-FB >_(7jT ;

VREF

PWM-SS 3.5V

7
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HA16158P/FP

7.
RT
PWM fpwm RT PFC fpfc  fpwm 2
PWM
RT = 200kQ
10
fowm = 280X 1077 _ 456 (k]
RT
fpfc = TPWM - _ 65 [kHz]
1000

T~

~ R

T

=3 ™~
™~

= ~<.

g s‘\ @ fowm

£ -

X fpfc
10
10 100 1000
RT (kQ)
8
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HA16158P/FP

TRER N BREEHE

10.0
Ta=25°C

8.0

6.0 [

Icc (mA)

2.0

0.0
8.0 10.0 12.0 14.0 16.0 18.0

Vee (V)

RABUNAEBR » BREERH
1.0

T
Ta=25°C

0.8

0.6

Icc (mA)

0.4

0.2

0.0
0.0 2.0 4.0 6.0 8.0 100 120 140 16.0 18.0

Vee (V)
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HA16158P/FP

5.20

VREFHH AEE xf FERERFE

T
Iref = 1mA

5.15
5.10

5.05
5.00

VREF (V)

4.95

4.90

4.85

4.80
-50 -25

160

0 25 50 75 100
Ta (°C)

BERIR S xt BEIRERE

125

\
RT = 200kQ2

140

fpwm

120

100

80

Frequency (kHz)

fpfc

60

40

0 25 50 75 100
Ta (°C)

125
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HA16158P/FP

VH (V)

VL (V)

UVLEENEE xt BBERERE

20.0

19.0

18.0

17.0

16.0

15.0

14.0

13.0

12.0
-50

-25 0 25 50 75 100
Ta (°C)

UVLIFIEEBE xt BIFRE R

125

14.0

13.0

12.0

11.0

10.0

9.0

8.0

7.0

6.0

-50

=25 0 25 50 75 100
Ta (°C)

125
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HA16158P/FP

From
VRB1(B+monitorl)

GAIN SELECTOR

oo o]

PFC-CLIMIT

ocpP

VREF GOOD ' Gate Driver

+1,0A(PEAK)

— P

R
Q
S

2R

R 1.4v

D—C:-OUT Q2
0.66
(aw) %

7 C

Lomn B+ OUT
RN +
N
Rec+ CE_QE\ =} 385V d0)
N N N\ 51K(5W)
Q1 To 500k
— i ] PFC-FB
[
7NN - vRe1
+ + from
\V4 Rec- From PFC-OUT (4?;1[‘!)?/})1 20V 56u auxiliary 3.3k
T GND
\VvCcC 7'}7
OSCILLATOR _
32v_ 130kHz |cr7 5V Internal Bias
AU AT iy
Ay e 27.5v K\VREF
7Tus 0
200k RT -THs 13 8B ps | PWM-RES W J_
_rrim 0.1p
W } : : PFC-DT 7T
|| 770ns:ﬂ: [
VREF “154usTi 34V_ _ |[RAMP uvL
-—0.65V it
36k 3000p CAQ N O5kHz VREF GOOD
o PFC To
IMo = K {lac x (Veo — 1V)} 37 R | N Q1 gate
. Q ouT
IAC | tac \/\/\PFC»CAMP ) ) D
i e Gate Driver
+1.0A(PEAK)
750k \ VEO WK IMOl +© o
VREF R main trans
33 % 0
S

PWM

> e
§720k ] S
I_ PFC-OVP Power Saving for PWM
L <
PWM-RES 17V
R
B+ Low PWM stop
ok 2.40V
‘ C) 1,50V
RS PFC stop
l PFC 1sv 14 PFO-OFF OVP Latch 7V
aa= -ON 1.2V Vref Vref VREF
18.6k [1200p 0.1p \I | 047uL
‘ ) .
,1 Lf o5 A A T VREF
VREF GOOD
— <
111 25uA ¥
RAMP
S A —
GND gircuitd o Q . o é ssv 7 25 0.033u
roun .
oce ) [ PR SOFT START N AW F{JT ‘s 7’]/';_
d CT
SUPERVISOR Unit RO
ni N
C:F
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HA16158P/FP

As of January, 2003

19.20 i
Unit: mm
20.00 Max
16 9
MM rrr
ol 8
D i
o
O S| Q
R ™~
1 8
1.3
1.11 Max
% 7.62
=
\ © / \
o ! |
Ao} '.’ S
£l £
S = W
— < g W
0 v +0.13
2.54 +0.25 048+0.10 o « 0.25-0.05
T 1 TT
0° - 15°
Package Code DP-16
JEDEC Conforms
JEITA Conforms
Mass (reference value) 1.07g
JEITA Package Code | RENESASCode | Previous Code | MASS[Typ] |
P-SOP16-5.5x10.06-1.27 | PRSPOO16DH-A | FP-16DA | 0249 |
4p
e
16 9 NOTE,
1. DIMENSIONS"*1 (Nom)"AND"*2"
DO NOT INCLUDE MOLD FLASH.
H H H H H H H H 2. DIMENSION"*3"DOES NOT
b, INCLUDE TRIM OFFSET.
O by
Index mark :
Terminal cross section

5 Dimension in Millimeters
4l L )

symeol T “Min | Nom| Max

— 110.06| 10.5

J— 55 | —

0.00]0.10 | 0.20

— | — 1220

0.34]0.42| 0.50

— 1040 —

i
i
'

0.17 ] 0.22 | 0.27

Detail F 0° | — g°

7.50]7.80 | 8.00

@mzogng'g>3>g>mo

— 127 —

— | — 012

— | — 1015

0.80

0.50 ] 0.70 | 0.90

| N[< | %

,_\
P
N
a
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