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Description

M62301 semiconductor integrated circuit forms an integrating A/D converter, being connected to a microcomputer unit.
By using selection signals and counter clock signals from the unit, a 10 to 12-bit A/D converter can be created at alow

cost.

The integration time and resolution can be set at the users option by changing external parameters. In addition, the
built-in circuit offset, delay time and temperature fluctuation are adjustable, enabling awide range of applications.

M62301 has a 3 input decoder circuit, high-precision reference voltage (1.22 V) generator, current supply and

comparator for integration, and voltage-monitoring reset circuit for a5V power supply. Itisaso equipped with

girdling to prevent current leak from integration capacitor.

Features

e Separate power supplies for analog section and digital section.
e Low power dissipation: 2 mA (Typ)
(1 mA for A/D conversion and the other 1 mA for reset)
e Linear error: £0.02% (Typ)
e Conversion time: 526 us/ch (Typ)
e Built-in systemreset: 4.45V (Typ)

Application

High-precision control systems such as temperature control and speed control
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M62301SP/FP

Pin Arrangement

M62301SP/FP
Ve for RESET |I ~ @ Digital GND
Co [2] [19] A1
ct1 [3] 18] A2
c2 [4] 17] A3
INT [5] [16] A4
RESET E E Reference input
Guardring 1 [ 7| [14] Digital Vpp
Integrating capacitor E E Reference voltage
Guard ring 2 E E Constant current control
Analog GND [10] [11] Analog Vcc
(Top view)

Outline: PRDP0020BA-A (20P4B)
PRSPO0020DA-A (20P2N-A)

Absolute Maximum Ratings

(Ta= 25°C, unless otherwise noted)

Item Symbol Ratings Unit
Analog section supply voltage Vee 15 \%
Digital section supply voltage Vb 8 \%
Digital input voltage Vip -0.3to Vpp + 0.3 \%
Analog input voltage Via -0.3to Vpp + 0.3 \%
INT output current loinT 6 mA
Reset output current lore 6 mA
INT output withstand voltage ViNT 15 \%
Reset output withstand voltage VRESET 15 \%
Reset supply voltage VRre 6 \%
Power dissipation Pd 990 (P) / 660 (FP) mwW
Thermal derating Ko 9.9 (P)/6.6 (FP) mw/°C
Operating temperature Topr —20to +75 °C
Storage temperature Tstg —-40to +125 °C
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M62301SP/FP

Recommended Operating Conditions

(Ta= 25°C, unless otherwise noted)

Limits
Item Symbol Min Typ Max Unit
Analog section supply voltage Vee 45 8.0 12.0 \%
Digital section supply voltage Vop 4.5 5.0 5.5 \%
Analog input voltage range (I, = 50 uA) Via 0 — No more than \%
(VMecc—2.5V)
and VDD*l
Reference input voltage (li = 50 pA) Vir 1 — No more than \%
(VMec—2.5V)
and VDD*l
Integration capacity C 300 — 22000 pF
Resistance to determine charge current R 6 — 60 kQ
Output current lo — — 4 mA
Note: 1. Maximum analog input voltage is less than the difference between Ve — 2.5 V as well as Vpp.
_ VRer
Charging current |} =
R1

Electrical Characteristics
(Vcc=5.0V, Vpp =5.0V, Ta=25°C, unless otherwise noted)

Limits
Item Symbol Min Typ Max Unit Test Conditions
Supply current lcc — 1.0 2.0 mA
Analog input voltage range | Via 0 — 25 \% I =100 pA
2.2 I =200 pA
Reference input voltage VRer 1.17 1.22 1.27 V Irer = 5 pA
CREF =4700 pF
Permissible current inflow IReF+ — — 50 A
at reference voltage IRer— -10
E Conversion error Ec — 0.05 0.1 %/FSR | R, = 24 kQ**
g Linear error EL — 0.02 0.09 %/FSR | R =24 kQ*?
3 | conversion time Tr — 526 — us Via=25V,C=0.01pF
g R = 24 kQ
Discharge time Tdi — 3 17 ps Vg =3V—>03V
C, = 4700 pF
Analog input current Is — -0.35 -3.5 HA
Digital input "H" level Viu 35 — — \%
Digital input "L" level Vi — — 0.8 \%
INT output "L" level VunT — 0.1 0.4 \Y/ lor=1mA
INT output leak current loHINT — — 1 pA Ve =15V
Detection voltage Vet 4.30 4.45 4.60 \%
Hysteresis voltage AVpet 30 50 80 mV
S | Delay time Toc 75 150 300 us
% Reset output "L" level ViRre — 0.1 0.4 \% lo.=1mA
§ Reset output leak current loHRE — — 1 pA Ve =15V
& | Supply current Ire — 1.0 2.0 mA VrRe=5V
Limit operating voltage VopL — 0.75 1.0 \% RL.=22kQ,Vige<04V
— 0.6 0.8 RL =100k, Vigg < 0.4V

Notes: 1. Conversion error; Deviation from the line that links the "0" scale point (mode 0) and reference scale point
(mode 3. Vesgr = 2.5 V). Associated with all channels.
2. Linear error; Deviation from the line that links the 0 V input point and 2.5 V input point on a given channel.
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M62301SP/FP

Operating Description

(1) Decoder
Based on digital inputsto CO, C1, C2, the analog switch is set to on, and the input of "0" scale (GND input), input of
reference scale (reference voltage input), input to A1-A4, or discharge from integration capacitor (C)) is performed.
None of these operations is performed when the "mode 8" input is given:

Mode 1 2 3 4 5 6 7 8
Cco 0 1 0 1 0 1 0 1
C1 0 0 1 1 0 0 1 1
Cc2 0 0 0 0 1 1 1 1
Discharge GND VRer Al A2 A3 A4 —
(2) A/D conversion
| Decoder selection mode 1 2 1 3 1 4107 1

VlN +0.49V
Vv (8)
VREF +0.49V

0.49V
0.36 V

Tenp TRer Tin

Multiplexer first selects Vgnp, Obtaining minimum pulse Tenp. 1t then selects Vger, obtaining reference pulse Trer.
Input is selected next, obtaining input pulse Tin. V) is obtained by deducting Tenp, as the offset, from Trege and Ty

Tn-Te
ViN = VRer
Trer — T

By measuring voltage at the maximum input for approximately 500 us under the counter clock of 8 MHz, resolution
of approximately 12 bits can be obtained;
500 us
125ns

12

Note: To ensure discharge from capacitor C;, the decoder input as in the above diagram should stay in mode 1 at least
VIAmax +0.49

1 mA
It is not necessary to measure Tenp, and Trer for each channel.

for the period calculated above: Tdi = (C; x
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M62301SP/FP

(3) Constant current control
Integrating current |, can be obtained based on the reference voltage (1.22 V) by the built-in high-precision
generator and resistance R,.
1.22

=R ) (1)

Integration time T, can be calculated as follows,

T =Nt 049)?—|I .................. (2)

However, parameters such as built-in comparator offset voltage, analog switch offset, voltage leak current and delay
time are not counted.

445V

Reset supply voltage
VRe

08V

Output

RESET output
unsettled

B ———

Tpe Tpe t

When voltage applied to pin Ve becomes less than 4.45 V, the RESET output status becomes"L". If voltage
increases over 4.50 V, the RESET status becomes "H" within 150 ps.
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M62301SP/FP

Application Suggestion
1. 4-channel 11-bit A/D converter system

To microcomputer 5V
5 V power supply 10 kX10 k \_J
1 Edgees
To microcomputer —
control pin 3] EE] Input analog
- (4] % 7} = [ voltage
To counter [5] 8 16—
To RESET = (6] % 5]
INT —— =
60 pF I 7] T (1414 | Crer 4700 pF
—0 -
119 1
50 pA (o] 12]
i 0 = i I, =50 pA
Ci
Charge current |, = ﬂ ~ 50 pA
24 kQ

Note: Crger: To stabilize reference voltage, be sure to connect capacitance of approximately 4700 pF.
Cint: We suggest that this capacitance be connected to prevent malfunction due to noise.

Use C, that leaks as slight current as possible. To prevent leak to the circuit board, we recommend
providing guard ring (7), (9).

Resolution depends on the number of microcomputer counter clock pulses that are generated while the INT output
statusis "high" at the maximum input voltage 2.5V (Vcc—2.5V).

When the microcomputer counter clock frequency is 8 MHz, the resolution can be calculated by using the constant
calculated above, as follows;

(2.5+0.13)

4700 pF x ~= o8

~ 211

1

8M

Therefore, the resolution of this system is approximately 11 bits.
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M62301SP/FP

2. 4-channel 12-bit A/D converter system
Separate power supplies to analog section and digital section, analog input voltage range mode wider up to Vpp,
external reference voltage for integration.

8V

To microcomputer

5V power supply 10 kL0 k _J
i EnES
(2] A1 [19]————
Ignr::;(‘]rgizomputer (3] A2 [18}————= | Input analog
[4] % A3 [17]— voltage
To counter (5] S M EFT 5y
To RESET = (6] ® 15—
65(')NTF T [7] Ty [ To microcomputer
P R c 4700 oF 5V power supply
8 @ﬁ' p
50 pA ] 2}
i bl = i||=50pA
C,

T

Note: Crger: To stabilize reference voltage, be sure to connect capacitance of approximately 4700 pF.
Cint: We suggest that this capacitance be connected to prevent malfunction due to noise.

Use C, that leaks as slight current as possible. To prevent leak to the circuit board, we recommend
providing guard ring (7), (9).

Because separate power supplies are provided for the analog are digital sections, the M62301 has two supply
voltage Vc and Vpp, enabling awide analog input voltage range V5. The upper limit of the range is required to be
no more than the difference between Vc — 2.5V aswell as Vpp, therefore, the analog input voltage range in this
applicationisOV to5V.

When the counter clock frequency is 8 MHz, resolution is;

(5 +0.13)

6800 pF x ~55

~ 212

1

8 M

An A/D converter system with resolution of approximately 12 bits can be formed.
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M62301SP/FP

Recommended operational settings according to clock frequency, resolution, and time required for
discharge (decoder mode 1)

Counter Change Current Resistance to Determine Integration Discharge
Clock Resolution I (uA) Constant Current R, (kQ) Capacitance C Time Tdi (us)
8 MHz 10-bit 50 24 1400 pF 7.7
100 12 2800 pF 15.4
11-bit 50 24 2800 pF 15.4
100 12 5600 pF 30.7
12-bit 50 24 5600 pF 30.7
100 12 12000 pF 65.9
16 MHz 10-bit 50 24 700 pF 3.9
100 12 1400 pF 7.7
11-bit 50 24 1400 pF 7.7
100 12 2800 pF 15.4
12-bit 50 24 2800 pF 15.4
100 12 5600 pF 30.7
Note: 1. Discharge time Tdi=(C,x _Viamax * 0-49)
1mA
The values in this table apply when Viamax is 5 V.
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M62301SP/FP

Typical Characteristics

Thermal Derating Analog Part Supply Current vs.
Supply Voltage
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M62301SP/FP

2.0

Reset Supply Current vs.
Supply Voltage
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M62301SP/FP

Package Dimensions

JEITA Package Code [
P-SDIP20-6.3x19-1.78 |

RENESAS Code |
PRDP0020BA-A |

Previous Code | MASS[Typ.] |
20P4B | 109 |
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SEATING PLANE

NOTE)
1. DIMENSIONS "1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "3" DOES NOT
INCLUDE TRIM OFFSET.

Dimension in Millimeters
Symbel | Min | Nom| Max
e | 7.32|7.62] 792
D |18.8] 19.0] 19.2
E |6.15] 6.3 | 6.45
Al — | — 1|45
A1 | 051 — | —
A2 | — | 33| —
bp | 0.38] 0.48] 0.58
b3 | 09] 1.0 1.3
c 10.22]0.27]0.34
6 0° | — | 15°
e 11.528(1.778|2.028
L 30| — | —

JEITA Package Code

| RENESAS Code |
P-SOP20-5.3x12.6-1.27 |

PRSPO020DA-A |

Previous Code | MASS[Typ.] |
20P2NA | 03g |

FEEEEEERE:

He

Q
S o I e R s s

Index mark

by

Detail F

NOTE

)
1. DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "3" DOES NOT
INCLUDE TRIM OFFSET.

Dimension in Millimeters
symbel | Min | Nom| Max
D [125]12.6]12.7
E | 52| 53] 54
Ao | — | 18| —
A4 0 0102
Al — | — 21
b, | 0.35| 0.4 | 0.5
c 10.18] 0.2 1 0.25
4§ o] — 1 8
He | 75 | 7.8 | 8.1
e |112]1.27 | 1.42
y — | — 1041
L [ 04 06] 08
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RenesasTech nOIOgy Corp. Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Notes:
1.

1

o

11.

12.
13.

This document is provided for reference purposes only so that Renesas customers may select the appropriate Renesas products for their use. Renesas neither makes
warranties or representations with respect to the accuracy or completeness of the information contained in this document nor grants any license to any intellectual property
rights or any other rights of Renesas or any third party with respect to the information in this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out of the use of any information in this document, including,
but not limited to, product data, diagrams, charts, programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military applications such as the development of weapons of mass
destruction or for the purpose of any other military use. When exporting the products or technology described herein, you should follow the applicable export control laws
and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and application circuit examples, is current as of the date this
document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas products listed in this document,
please confirm the latest product information with a Renesas sales office. Also, please pay regular and careful attention to additional and different information to be
disclosed by Renesas such as that disclosed through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas assumes no liability whatsoever for any damages incurred as a
result of errors or omissions in the information included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in light of the total system before deciding about the applicability
of such information to the intended application. Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any particular
application and specifically disclaims any liability arising out of the application and use of the information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas products are not designed, manufactured or tested for applications
or otherwise in systems the failure or malfunction of which may cause a direct threat to human life or create a risk of human injury or which require especially high quality
and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or
undersea communication transmission. If you are considering the use of our products for such purposes, please contact a Renesas sales office beforehand. Renesas shall
have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who elect to use Renesas products in any of the foregoing
applications shall indemnify and hold harmless Renesas Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect to the maximum rating, operating supply voltage range,
movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or damages
arising out of the use of Renesas products beyond such specified ranges.

. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific characteristics such as the occurrence of failure at a certain

rate and malfunctions under certain use conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or damage
caused by fire in the event of the failure of a Renesas product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other applicable measures. Among others, since the evaluation of microcomputer software
alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

In case Renesas products listed in this document are detached from the products to which the Renesas products are attached or affixed, the risk of accident such as
swallowing by infants and small children is very high. You should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

This document may not be rer)roduced or duplicated, in any form, in whole or in part, without prior written a[g)roval from Renesas.

Please contact a Renesas sales office if you have any questions regarding the information contained in this document, Renesas semiconductor products, or if you have
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