HA16107FP/P, HA16108FP/P

600kHz PWM Switching Regulator Controller

Description

The HA 16107 and HA 16108 series are primary control
switching regulator control 1C’s appropriate for di-
rectly obtaining stable voltage from commercial and
public power.

They can directly drive power MOSFET s, and have
the following built in functions: over-current protec-
tion (OCL), timer latch over-voltage protection
(HA16107), and ON/OFF timer over-current protec-
tion (HA16108).

Functions

6.45V standard voltage circuit

Triangle wave generator circuit

PWM comparator circuit

Output circuit (totem pole output)

Pulse by pulse over-current detection and protection

function

Low input operational error protection circuit

* Soft start, quick shutdown function

* Timer latch over-voltage protection function
(HA16107)

® ON/OFF timer over-current protection function

(HA16108)

Features

¢ The operating frequency is a high 600 kHz.

* Built-in pre-driver circuit for driving power
MOSFET’s

® Parallel synchronous driving of IC pairs

¢ Over current protection (OCL)

* Built-in timer latch over-voltage protection function
(HA16107)

® OCL and intermittent operation may be used for the
prevention of secondary output current increases us-
ing the ON/OFF timer function. (HA 16108)

* A low input voltage lock out function (UVL) is ap-
plied to both VIN and Vref.

* The ON/OFF reset is a built-in auto-reset function
based on the time constant of an external capaci-
tance and observation of drops in VIN.

® The over-voltage protection (TL terminal) reset can
be used appropriately in response to the goals of the
OVP and ON/OFF terminals, due to observation of
drops in input voltage only.

¢ Soft start and quick shutdown functions are built in.

® Built-in 34-volt Zener diode between VIN and
ground

® Built-in error amp

HA16107P, HA16108P

b

(DP-16C)

HAI16107FP, HA16108FP

o=

(FP-16DA)

Ordering Information

Product

Name Function Package
HA16107P Timer latch over-voltage DP-16C
HA16107FP protection function EP-16DA
HA16108P ON/OFF timer over- DP-16C
HA16108FF current protection FP-16DA
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HA16107FP/P, HA16108FP/P

Pin Arrangement (HA16107FP/P, HA16108FP/P)

Pin Arrangement (HA16107P, HA16108P)
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Notes: 1. The 4 IC grounds are connected inside the Notes: 1. If the Vg terminal (pin 4) or the CL(-)
package. However, all 4 ground pins terminal (pin 5) are not used, they shouid
(GND) must be grounded. be grounded.
2. Pin labeis in parentheses are for the 2. Pinlabels in parentheses are for the
HA16108FP. HA16108FP.
Pin Functions
No. Symbol Pin Functions No. Symbol Pin Functions
1 Vin Input voltage 9 Vief Reference voltage output
2 ouT Pulse output 10 ST Soft start
3 CL (+) Current limiter 1 IN (+) Error amp (+) input
4 Ve Output ground 12 GND Ground
5 CL (-) Current limiter 13 NC Not used
6 Rty Timing resistor (rise time) 14 IN (-) Error amp (-) input
7 Cr Timing capacitor 15 E/O Error output
8 Ryo Timing resistor (fall tims) 16 TL Timer latch

Note: With the HA16107FP and HA16108FP, although pins 4, 5, 12, and 13 are connected inside the

package, they all must be ccnnected to ground.
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HA16107FP/P, HA16108FP/P

Block Diagram
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Note: CL(-) is only used in HA16107P and HA16108P

Absolute Maximum Ratings (Ta = 25°C)

Rating Rating
Item Symbol Value Unit Item Symbol Value Unit
Power supply voltage VIN 30 Vv RT1 pin output current IRT1 500 pA
Output current (DC) lo +0.2 A RT2 pin output current IrT2 5 mA
Output current (peak) lopeak  +2 A Power dissipation”? P 680 mwW
Current limiter voltage VeL +3 \Y Operation temperature Topr -20t0 °C
Error amp input voltage ~ VIEA  Vref v range +85
Error amp output voltage  VIE/O  Vref V Storage temperature Tstg -55t0 °C
range +125
700 = 45C 84C 30% Wiring density ™!

g - : H / .y e
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Ambient temperature Ta ( C)

The absolute maximum ratings are limiting values, to be applied individually, beyond which the device may be permanently damaged. Functional operation under
any of these conditions is not guaranteed. Exposing a circuit to its absolute maximum rating for extended periods of time may affect the device's refiability.

Notes: 1. These values are for HA16107FP, HA16108FP mounted on a 40 x 40 x 1.6 mm glass epoxy board.
However, when the wiring density is 10%, these must be derated by 8.3 mW/°C for temperatures above
45°C, and when the wiring density is 30%, by 11.1 mW/°C at temperatures above 64°C.
2. Forthe HA16107P and HA16108P, these values are valid up to 45°C, and must be derated by 8.3 mW/°C above 45°C.
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HA16107FP/P, HA16108FP/P

Electrical Characteristics (Ta = 25°C, Vi =18 V,

s = 100 kHz)

Section ltem Symbol Min Typ Max Unit Test Conditions
Reference Output voltage Vet 6.10 645 680 V
voltage Line regulation Line - 30 60 mV 12V<Vys30V
Load regulation Load - 30 60 mV 0<5i,<10mA
Output voltage AV i/ - 400 - ppm
temperature stability ATa /°C
Short circuit current los 30 50 - mA V=0V
Over voltage protec- Viovp 74 8 9 Vv
tion
Triangle Maximum frequency fmax 600 - - kHz
wave —
oscillator Minimum frequency finin - - 1 kHz
Voltage stability Affo, - +1 3 % 12V V<30V
(foy = tmax + fmin/2)
Temperature stability Afffo, - 8 - % -20°C < Ta < +85°C
(fOZ = fmax + fmmfz)
Frequency accuracy fosc 270 300 330 kHz Ryy=Rr=27kQ
Cy =120 pF
PWM Minimum deadband tos - - 1.0 ps
comparator pulse width
Low level threshold V1L 19 22 25 V
voltage
High level threshold V1H 3.8 4.2 46 V
voltage
Difterential threshold AV 1.7 2 23 V
voltage
Deadband width initial ADB1 - 1 +3 % Rty = Ryp =27 kQ
accuracy Ct =470 pF
Deadband width ADB2 - +02 120 % 12V<Vus30V
voltage stability {Pmax = Dmin)/2
Deadband width ADB3 - +1 - Yo —20°C < Ta < +85°C
temperature stability (Dmax = Dmin)/2
Error amp Input offset voltage Vio - 2 10 mV
Input bias current e - 0.8 20 pA
Input sink current losink 80 140 - pA  Vg=2V
Output source current  lygource 80 140 - pA  Vg=5V
High level output VoH Vet - Vv lo =10 pA
voltage -1.5
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HA16107FP/P, HA16108FP/P

Electrical Characteristics (Ta = 25°C, Vyy = 18 V, f ;. = 100 kHz) (cont)

Section Item Symbol Min Typ Max Unit Test Conditions
Error amp  Low level output VoL - - 05 v lo =10 pA
voltage
Voltage gain Gy - 55 - dB f=10kHz
Band width BW - 15 - MHz
(-) Common mode Vem— 1.2 - - v
voltage
(+) Common mode Vep+s - - Viet \
voltage -1.5
Over-current (+) Threshold voltage  Vyp+ 0.216 024 0264 V
detector y Bias current lgr - 180 250 pA Vg =0V
() Threshold Vi -0.264 024 -0216 V
voltage™!
{-) Bias current*! lg—- - 950 1350 A
Response time toff - 100 - ns
Soft start High level voltage VstH 3.2 38 44 v lgink = 1 MA
Sink current lsink 7 10 13 HA  Vgr=20V
Under Vin high level threshold  VinTH 147 162 177 V
voltage voltage
lockout Vi low level threshold  Viyr, 85 95 105  V
voltage
Thresheld differential AViy 52 62 7.2 v (Vint — ViINTD)
voltage
V,ef high level threshold V1 45 50 55 v
voltage
Vet low level threshold V1. 35 40 45 Y
voltage
Timer latch  Latch threshold VTH 65 70 75 )Y
{(HA16107), voltage™
.ON/OFF Low level threshold Vrho 1.0 13 186 v
timer Voltage'3
(HA16108)
V|n reset voltage ViNre 6.0 65 790 v
Ditferential threshold AV 2.0 30 - \ (VINTL — VINR2)
Source current lsource 8 12 16 pA  CML: Normally open
(OCL mode)
Sink current lsink 25 4 5.5 KA ON/OFF terminal = 4 V
(latch mode)
Notes: 1. Vyy- and ig- are only applicable to HA16107P and HA16108P.
2. The HA16108 is not latched by a high level threshold voltage.
3. Only applicable to the HA16108.
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HA16107FP/P, HA16108FP/P

Electrical Characteristics (Ta = 25°C, Vp = 18 V, f. = 100 kHz) (cont)

Section Item Symbol Min Typ Max Unit Test Conditions
Output Low voltage Vous - 1.7 2.2 v losink = 0.2 A
High voltage Vo Vin - - Vv losource = 0.2 A
-2.2
Low voltage (standby Vg5 - - 0.5 \' losink = 1 MA
mode)
Rising time tr - 40 - ns Cp_=1000pF
Falling time tf - 80 - ns Cy = 1000 pF
Total Standby current bt - 160 250 pA V=14V
Operation current LiNng - 16 20 mA  Viy=30V, G =1000pF,
f =100 kHz
Oparation current N2 - 12 16 mA  V)y=30V,f=100kHz,
OQutput open
ON/OFF latch Nz - 350 460 pA V=14V
current
Vin — GND Zener Vs 30 34 - Y
voltage

Function and Timing Chart

1. Triangle waveform and PWM output

Triangle wave
- rang

E’°% '
& ]

Va2 _’ 1
|| — "
out
Deadband ton
‘oe
v -2V CTXR*HXZV
Oscillator Equivalent Clrcuit The X 25 are Iy = AL L 1pg = ————— = 0.35 x Gy x Ry (soc)
transistors Ry, Vret — 2Vpe
whose emitter
Veet area is doubled. v 2V
rel — €VBE T2
rAi on=tpg ————— (sec)
R, 2Rry~Rr2
Rrz
Dumax -
From OSC
CMP 1 = Dumax
fose ™ —— (H2)
‘os
Notes: When fosc is small. the actual value will differ from that given by the
formuia due to the defay time. Determine the correct constants after
constructing a test circuit.
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HA16107FP/P, HA16108FP/P

2. Soft start and quick shut

162V \

95V /

— Cgydischarge
N

Quick shut
Vret
To Vi To Viet
From UVL2
ST
Csr ot
Y
38V EO +
MW ~ PWM
[o1%] 4
®10A
7t

The soft start time constant is determined by the values of Cgr and the constant currant (10 pA typ).

3. Vg Protection (Over-voltage protection
and UVL2 protection)

Under- and over-voltage in V¢ are detected by the ~ Therefore, if the V¢ pin is shorted up to Vpy, or
"UVL2 circuit” and the "over-voltage detection  shorted to ground, PWM output will be shutdown.
circuit’. PWM output is shutdown at a Vs of 8  Also, when Vyy is connected or disconnected,
volts or over. Also, UVL2 will detect low voltages ~ PWM output will be shutdown.

with a hysteresis of about 4 10 5 volts, and PWM

output will be shutdown at lower voltages.

PWM 4
out
PWM output PWM output operaling region
shutdown
region I A ~N
//) PWM output shutdown region
N
1 S
o 4V 5V 8V LAY Viet
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HA16107FP/P, HA16108FP/P

4. Relationship between UVLI, UVL2, and
PWM output

e UVLI (VN and Vyef)

5. Tg, (Time Latch)

(1) TL: Canbe ““‘OVP’’ function
Ty,: The timer latch pin can be used as an OVP

pin.
/ (2) Using the T, pin as an OVP pin
I T | i
o 9'5,1\6\: 1Is.2v v a0V MV Ty Vin ?16 A
E i «— From CML
Vet ; /5.45\1 ove . ovp
E with latch timer
L 4 A
0 10V 20v 30V Vv
® UVL2 (Vief and PWM output)
e (3) T operation
645V (Viw)
F— s Latching region
4V oo v ! —> (PWM oulput will
! o ‘ 70 f--T-. LREEARELE be shutdown)
T : Vm
ViL
}—» Continuous OCL detection
Vin
! | HA16107
* UVLI and UVL2
ViN (UVLY) L H H L
VIN (UVL2) L L H H
PWM OUT L L out L Notes: 1. {(a)is the case where OCL detection ceases
Standby mode o) O — &) before V1 reaches VTH.
2. (b} is the case where OCL detection con-
Note: O: Standby mode tinues until V1| reaches VTH.
—: Not standby 3. The latch function will be ¢leared when VN
drops below about 6.5 volts.
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HA16107FP/P, HA16108FP/P

Power Supply Current vs. Voltage Characterlstics
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Reference Voltage vs. Power Supply Voltags Characteristics

Reference voltage V., (V]
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Latched Power Supply Current vs. Voltage Characteristics
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Oscillator Frequency vs. Amblent Temperatura Characteristics
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Osclllator Frequency vs. Ambient Temperature Characteristics
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HA16107FP/P, HA16108FP/P

QOutput on Duty Percent vs. Error Amp Output Characteristics
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Output on Duty Percent vs. Ambient Temperature
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HA16107FP/P, HA16108FP/P

Output t o vs. Current Limiter Characterlstics
400
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HA16107FP/P, HA16108FP/P

Test circuit

Ry
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HA16107FP/P, HA16108FP/P

Test circuit
TL Pin Waveform of HA16107
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HA16107FP/P, HA16108FP/P

Vi)

Vi W)

On/Otf Pin Waveform of HA16108

Duty = 0%

Oscillator Frequency fogc VS. Timing Resistance
{RT49=RT2) Characteristics
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HA16107FP/P, HA16108FP/P

Operational Circuit Example
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33k . CMP
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88k = 3 AM or TL £010
8k = 33k i Current limiter
Rrz GND, Vg u;c detection contact
7 1
YRS J_CT T
,I,ﬂ k
o

470 p

Oscﬂlator constant

Timer latch or ON/OFF
timer time constant capacitor
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