V/F Converter IR9331/IR9331N

IR9331/IR9331N vrcomverer

B Description B Pin connections

The IR9331/IR9331N is a voltage-to-frequency
converters ideally suited for use in simple low-cost
circuits for A/D conversion, precision F/V conver-
sion, longterm intergration, linear frequency modula-
tion or demodulation, and many other functions.

Ve
B Features o V;:
1. Guaranteed linearity 0.01%FS (MAX.) (6] Vitu
2. Excellent temperature stability Voo

+30ppm/C (TYP.)

. Wide dynamic range 100dB at 10kHz F S* (MIN.)
. Wide range of FS frequency 1—100kHz
. Wide range of supply voltage 4—40V
. 8-pin dual-in-line package (IR9331)
8-pin small-outline package (IR9331N)
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V/F Converter IR9331/1R9331N

Bl Absolute Maximum Ratings (Ta=257T)
_ Parameter Symbol ) Condition | Rating | Unit
Supply voltage Veo ) 40 \Y
Vie o
Input voltage L Vi | - o —0.2~Vo | \Y
B Vin ] B ‘
L ts, ! to GND Inftnity
Output short-circuit time toy | 1o V.. short circuit 0mA(TYP.) Infinity 4
Power dissipation Py Ta<25TC *L{Rss%ir* Zgg mW
P}, derating ratio APyC| Ta>25C | IR933IN 45 | mWT
Operating temperature Topr ) - o —10—+70 T
Storage temperature Toie —55~ +150 T
B Electrical Characteristics (Vee=15V. Ta=257, Test circuit 1)
Parameter Symbol Condition MIN. TYP. MAX. Unit
NL, 4.5V <V 20V +0.003 | £0.01
VFC non linearity error ** NL, Tope( —10~70T) +£0.006 | £0.02 | %FS
NL, Vee=15V, four Test circuit 2™ £0.10 | £0.30
Scale factor (gain) SF Vin=—10V, R,=14kQ 0.90 1.00 1.10 kHz/V
Gain temperature coefficient a SF 4.5VeV 20VT 0 — 10~ + 70C) +30 ppmiC
Gain-power supply stablty SVR 4.5V=Ve 10V ‘ 0.0t | 015 [ o
SVR’ WVEV =40V 0.006 0.06
Full scale frequency Frs Vin=—10V 10.0 kHz
Over range frequency I Fover Vin=—11V o 10 | %
Input comparator (terminal 6 and 7) 7 _:
Viou +3 +10 6 =
Offset voltage Vios Tope(— 10~ +70T) va | e | ™ =
Bias current I = 30 —300 nA
Offset current Lo | t8 +100 nA
In-phase input range Viem Tope( =10~ +70T) -0.2 Vie—2.0 Y%
Timer (terminal 5) _
Timer threshold voltage Ve | 0.63 [ 0.667 | 0.70 [(xVeoV
, I Vee=15V, 0VsV,=9.9V C+10
Input bias current L Vee=15V, V=10V 200 | 1,000 nA
Saturation voltage (reset) Voars [=5mA 0.22 ’ 05 | Vv
Power supply source {terminal 1)
Output current | lour | Re=14kQ, V,=0V 116 136 156 | #A
Iour-Voltage fluctuation Iov V=V, <10V 0.7 L5 #“A
Iopr 0.02 10.0
OFF -state leakage current loer’ Ta=70C 2.0 0.0 nA
Operating current range Lope 10~500 | HA
Reference voltage (terminal 2)
Reference voltage Vier 1.70 J.SQ 2.08 Vie
Temperature coefficient @ Vieer o +60 | ppm/C
Time dnft a Vper 1,000 hours [‘ +0.1 | %
Logic output (Terminal 3) B 7
Saturation voltage Vours [=5mA 0.15 050 Y
Voars [=3mA 0.10 | 0.40
OFF -state leakage current Lorrs ¢ 0.05 1.0 uA
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V/F Converter

IR9331/IR9331N

Parameter | Symbol | Condition | MIN. [ TYP. | MAX. | Unit
Supply current (terminal 8)
Iee Vee=5V 1.5 3.0 6.0
Suppl t mA
Upply Crren I’ Vee =40V 2.0 4.0 8.0

%1 foyr=10Hz ~11kHz, this test alone is to be performed on test circuit 2.
*2 Non-linearity error is defined as the deviation from Vi % (10kHz/ — 10V, ) at f,, = 1Hz ~11kHz.
(Full scale adjustment at 10kHz, zero adjustment at 10kHz)

B Test Circuit

(1)

Test circuit (Precision V/F conversion circuit)

(2)

Test circuit 2 (Simple V/F conversion circuit)

Ve V=15V
b R. o R. .
10kQ=10% 10k2+10%] 6.8kQ+17, 6.8k 1%
— A4 c , Rin 1 8 Ct
8 0.012F Vis 100k =107 4 5 0.014F
6 5 e 10VFS |_”l”
' ] Cin
- 10k0 MLE ], IR9331
10k+10%
12k +1% IR9331 3_:"“——;“%' ! Vi
F(lL’T 6 3
R, { Gain 1 7 10kHzFS Four
adjust N Co 10kHz FS
! k) 1 14F mylar ,J”'i 2
Ro ,J,,, Cr 2.2k
h o
Vis  100kQ+1% 0.005¢F . Ry 12k2£1%
~10VFS 0—MA— — 4702107 100k Rs
Vec Mylar 1% Gain
5k N adjust
10k Q +10%
1MQ
y A IN34A
Vee 1k
Offset
adjust bed
A1 ! Use an operational amplifier that
satisfies the following conditions :
Input offset voltage below I mV
Input offset current below 2nA
B Electrical CGharacteristics Curves (Unless otherwise specified, Ve =15V, Ta=25T)
Non-linearity error—Output frequency Non-linearity error—QOutput frequency
Characteristics Characteristics
T 1 ¥ T
. Test circuit 1 Test circuit 2
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SHARP

306




V/F Converter

Reference voltage—Ambient temperature
ng;aracteristics

1 I
Test circuit 1

1.92

Virer (V)

191

1.90

1.89

Reference voltage

1.88

1.87
-50 —25 0 25 50 75 100

Ambient temperature Ta : C!

B Description of Operation

The IR9331 is organized mainly as an input com-
parator, R-S flip-flop, timer comparator, current
supply, current switch 1.9V reference voltage supp-
ly and output circuit. To brefly explain the circuit
operation, the feed-back of this circuit is organized in
supply, current switch 1.9V reference voltage sup-
ply and output circuit. To briefly explain the circuit
Vin 1s higher, C; will be discharged through R; in a
relatively short time to settle for a lower frequency.
That is to say that it operates as a highly accurate
loose coupling oscillator that produces frequencies
linearly in proportion to the input voltage.

Following is a detailed description.

Suppose that the voltage Vy, (terminal 6) be-
comes as satisfies Vi, <Vin. The input comparator
compares Vi, and Viy to set the R-S flip-flop. The
Q; output of F.F closes the current switch and starts
charging C with the current i. At the same time the
Q. output turns on the frequency output transistor
(Tour) while the Q turns off the reset transistor
(Trg). From this moment on Ct will continue to get
charged logarithmically toward Vcc. When the vol-
tage of Ct has come up to 2/3 Vi, the timer compa-
rator applies reset output to F.F. The time taken so
far is about 1.1R,C; (1.1=1n0.333...)

Even if the timer comparator generate reset out-
put, the F.F will remain set so long as Vy, = Vi, in
which it will continue being charaged well beyond 2/3
Ve until it gets to the state where Vi, >V, This
condition arises on power-up or when an excessively
higher signal gets in to have the output frequency 0.
It will, however, go back to normal if Vyy restores
within the operating range.

F.F will not be reset until the reset output is pro-
duced and a condition is reached as satisfies Vi,

SHARP
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Supply current—Supply voltage
Characteristics

Test circuit 1
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Vin- The current switch opens to have Cy start dis-
charging (until it reaches a point where Vi, Vin.
Simultaneously with the resetting of F.F, Trg turns
on to have Cr discharge itself. Also Toyt turns off.
The number of the repetion of this cycle above over
and over again in a second is the frequency as de-
fined.
How to work out the output frequency
1

fOUT:m . 1= VRye#/Rs
Ti=—RCn(1/3)=1.1R,C, Charging time for C;,

i— ViwRUR
T2=('{’;7L)LT1 Charging time for C;
Vin™ Vi Rg 1

o= R, T, = Veer ~ R, LIRG,
B Timing Chart
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V/F Converter IR9331/IR9331N
r 27 /7 J 7 /. /7 /¢ /¢ /7 _J 7 J J
M Equipvalent Circuit

Veo @&
+ Supply voltage'

Tovr f‘——r'

tCurrent source
output )
Vker 2

i Reference voltage Qzs

Forr is———k.

' Logic output 1 Qo

Rt
Vi« @i Qi3
R C time constant’ Q5 l H
. Qm Qs Qs>
Vin (7
Voltage input!
Vi ‘§ Q Ry
! Threshold input) 52 | Qe
Qs Qél’_?{W_‘K 2
Q:ss Q Q '8
GND 7 o |5 Ri: Rz
"Ground) ™~
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V/F Converter IR9331/IR9331N

B Application Circuit Example
(1) simple F/V conversion

Vour =fin ¥ 2.09V X %EX (RCy Vee=15V
#
8 Rt<6.8kn+12,
5 . ®
t=20.014F
1R9331 T

50, F12k0+1%,

1
v’\*wﬂ 1 Vot

—_— ;ﬁ
Rs (f (3 WS RiZ 00k

[Fullfscale : 10kHz
Non-linearity : +0.06%.

{2) High grade F/V conversion

JorT = — r« R ~
Vour = —fin X 2.09V X Re X (R,C) Voo =4.5~20V

[i‘ ﬁ
8 Ri26.8k0+1%

IR9331

470pF
fin o}
C,

o ¥z,

M

Rs ‘4] |3]
_Vee—2V
Ra="0.2ma

—OVir 1

Full-scale * 10kHz
Non-linearity : £0.01%

% Use resistors with reduced coefficient of temperature.
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V/F Converter IR9331/1R9331N

{3) High grade F/V conversion

Vou:-fxxx%xmx1.1(R,Cl) Vee=15V
#*
Ri< 10k2 10kQ2 5 Rt 6.8kQ+1%
"L——'\/‘ 7 5
68k(2 e
220pF Ct==330pF
fof ] i
C Rr
%k, *39k011% #100k0
N T OVour
S |
R 4 3 Cs
§ 0.033uF
Determines the output
77 current on pin 1. 7 »
Full scale: 100kHz (For Vi =~ 10V1
Non-linearity: +1.01%(TYP.)
Ripple voltage: 12mVp (TYP.)
#  Use resistors with reduced coefficient of temperature.
(4) High grade F/V conversion (100kHz full-scale)
_—Vix Re 1 Ve =45V~ 20V
four =356V R "R.C. e T
AN ANV
10kQ +10% 10k +10%
3 R, 2 6.8kQ+t1%
0.001uF
™ s,  68KE1% C, J;SIOpF
’L—M—\ 2
L ]
_E 3 '_SN—-‘OFOUT
4 7 5V
10kQ +10%
Cr 2.2kQ} 100kHz F.S.
100kQ +1% 470pF ’
Viy O— AN H}
—10V F.S. R Vee
0.0014F -
+
100k’ 73V
0% KN
1kQ
Vee
50k}
”r

% Use resistors with reduced coefficient of temperature.
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