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Chapter 1 Overview

The V850E/DG3 is a product in NECEL's V850 family of single-chip microcontrollers designed for Auto-
motive applications.

1.1 General

The V850E/DG3 single-chip microcontroller, is a member of NECEL's V850 32-bit RISC family, which
match the performance gains attainable with RISC-based controllers to the needs of embedded control
applications. The V850 CPU offers easy pipeline handling and programming, resulting in compact code
size comparable to 16-bit CISC CPUs.

The V850E/DG3 provides an excellent combination of general purpose peripheral functions, like serial
communication interfaces (UART, clocked SI), Timers and measurement inputs (A/D converter), with
dedicated CAN network support. Control and driver for 6 stepper motors are included.

The device offers power-saving modes to manage the power consumption effectively under varying
conditions.

Thus equipped, the VB50E/DG3 is ideally suited for automotive applications, like dashboard or body. It
is also an excellent choice for other applications where a combination of sophisticated peripheral func-
tions and CAN network support is required.

This specification covers the following devices of the family:

Family Code Part Number Package Internal Flash Internal RAM
HPD70F3417GC(A)-UEU 256 kbyte 12 kbytes
DG3 LQFP 14 x 14mm
uPD70F3416GC(A)-UEU 128 kbyte 6 kbytes




Chapter 1 Overview

The following table gives a more detailed overview of the different derivates and their major features.

Table 1-1: DG3 Family Overview
Series hame V850E/DG3
Part Number UPD70F3417(A) UPD70F3416(A)
Technology MF2 (Flash) MF2 (Flash)
Flash 256kB 128kB
Internal memory ROM None None
RAM 12kB 6kB
Main (internal) 24MHz? max.
Operating Clock Ring-OSC 240kHz typ.
Subclock 32kHz typ.
1/0 ports 72
Input ports 8
A/D converter 8 ch
T™Z 6 ch
TMP 1lch
T™MG 2ch
Timers TMO 1ch
WDT provided
Watch provided
Watch calibration provided
Serial interfaces AFCAN 1 ch (with 32 message buffers)
UARTA 2 ch (with LIN support)
Serial interfaces cslB 2en
1c 1lch
External 4
Interrupts Internal 52
NMI 2
ROM-correction 6 ch
POC provided
Clock supervision 2ch
Other functions Sound generator 1ch
Stepper motor C/D 4 ch
LCD C/D 40x 4
e

Operating voltage

3.2V to 5.5V for core functions, ADC and StepperMotor C/D,

3.0V to 5.5V for all other I/O

Full operation in range from 3.5V to 5.5V due to POC function
(see chapter 8.2 on page 57)

100-pin LQFP

Package

a. Operated with spread spectrum PLL

Data Sheet U19509EE1V1DS00



Chapter 2 Pinout Information

2.1 Pin Configuration uPD70F3417(A), uPD70F3416(A)

- UPD70F3417(A)GC
- UPD70F3416(A)GC

Figure 2-1: Pin Configuration uPD70F3417(A), uPD70F3416(A)
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Chapter 2 Pinout Information

2.2 Pin Group information

Figure 2-2: Pin Group Information uPD70F3417(A), uPD70F3416(A)
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Pin Pin Pin Pin
Group 4A Group 4A | Group 4B Group 4B Pin Group 1

* Pin Groups 1x: GPIO pins supplied by BVpps
1: P00-03, P16-17, P30-31, P46-47, P50-51

» Pin Group 2: Pins supplied by Vppsg
2: (RESET, FLMDO)

e Pin Group 3x: GPIO and LCD controller supplied by BVpps
3A: P20-24
3B: P20-27, P34-37, P60-67
3C: P32, P43-45, P80-83, P85-87, P104-107
3D: P90-97
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10

Pin Group 4x: Stepper Motor outputs supplied by SMVpps

4A: P120-P127
4B: P130-P137

Pin Group 5: ADC Inputs supplied by AVpp
5. P70-P77

Pin Group 6: Oscillator function supplied internally
6: X1, X2, XT1, XT2

Pin Group 7: Pins used for ZPD (if supported). This group is a subset of Group 4.
7: P120-P127, P133, P137

Data Sheet U19509EE1V1DS00



Chapter 3 Absolute Maximum Ratings

Condition 1:

Tp =-40 ... +85°C,

Operation Modes: RUN, HALT, IDLE
Power dissipation: < 0.61W
Duration: 15000 hours

VSS5 =0V

Condition 2:
Tp =-40 ... +85°C,

Operation Modes: WATCH, Sub-WATCH, STOP, Sub-Clock CPU Operation

Power dissipation: < 0.5W
Duration: 15 years

Vsss =0V
Table 3-1: Absolute maximum ratings voltages
Parameter Symbol Test Conditions Ratings @ Unit
Vpbos -0.5~+6.5 v
AVpp 0.5~ +6.5 v
AVRrer 0.5~ +6.5 v
BVpps -0.5~+6.5 v
Supply voltage
SMVpps -0.5~+6.5 v
AVgg -0.5~+0.5 v
BVsgs -0.5~+0.5 v
SMVgss -0.5~+05 Y
Group 1 Vi1 V|1 <BVpps+ 0.5V -05~+6.5 \%
Group 2 Vio Vi2<Vpps+ 0.5V -05~+6.5 \%
Input voltage Group 4 Vis | Vig< SMVpps + 0.5V 05~+65 v
i‘\r/csé’;‘ Via | Via<AVpp+05V 0.5~+65 v
Special P i'}'é?(é,EéTé(') Vis -0.5~+3.6 Y%
Output voltage Vo -0.5~+6.5 \Y
Operating temperature (ambient) Topr -40 ~ +85 °C
Storage temperature Tstee -40 ~ +150 °C
a. Currents are average current over the given life time. Transient currents are not relevant as
long as the average of transient is below the given value.
b. These pins are for special use only and should not be used for other connections than speci-
fied. Pins operate with the internal generated core voltage.
Data Sheet U19509EE1V1DS00 11



Chapter 3 Absolute Maximum Ratings

Note: See “Pinout Information” on page 8. for pin to group association.

Vpps is the supply voltage for the internal voltage regulators applied to pin Vppsg.

Vsg5 is the ground for the internal logic applied to pin Vggsq.

Aypp is the supply for analog part of the A/D converter.

Ayss is the ground for the analog part of the A/D converter.

BVpps is the supply voltage for the I/O buffers applied to pins BVppsy.

BVggs is the ground for the 1/O buffers applied to pins BVggsy,.

SMVpps is the supply voltage for the 1/0 buffers of the stepper motor drivers applied to pins SMVppsy.
SMVggs is the ground for the 1/O buffers of the stepper motor drivers applied to pins SMVggsy,.

12 Data Sheet U19509EE1V1DS00



Chapter 3 Absolute Maximum Ratings

Condition 1:

Tp =-40 ... +85°C,

Operation Modes: RUN, HALT, IDLE
Power dissipation: < 0.61W
Duration: 15000 hours

Vss5 =0V

Condition 2:

Tp =-40 ... +85°C,

Operation Modes: WATCH, Sub-WATCH, STOP, Sub-Clock CPU Operation
Power dissipation: < 0.5W

Duration: 15 years

Vss5 =0V
Table 3-2:  Absolute maximum ratings currents
. Ratings Ratings )
Parameter Symbol Test Conditions a b Unit
average peak
1 pin loL1 Groups 1, 3A, 3B, 3C, 30 50 mA
3D
All pins loLal Group 1 50 100 mA
All pins loLasA Group 3A 50 100 mA
All pins loLass Group 3B 50 100 mA
All pins loLa13AB ggm of groups 1, 3A, 100 200 mA
Output All pins loLasc | Group 3C 50 100 mA
current low

All pins loLa3D Group 3D 50 100 mA
All pins loLazcD Sum of Groups 3C, 3D 100 200 mA
1 pln IOL4 45 55 mA

Group 4A
All pins IOLA4A 200 270 mA
1 pln IOL4 45 55 mA

Group 4B
All pins IOLA4B 200 270 mA

Data Sheet U19509EE1V1DS00



Chapter 3 Absolute Maximum Ratings

Table 3-2: Absolute maximum ratings currents (Continued)

. Ratings Ratings i
Parameter Symbol Test Conditions a b Unit
average peak
1 pin lons Groups 1, 3A, 3B, 3C, 230 50 mA
3D
All pins lonal Group 1 -50 -100 mA
All pins lonasA Group 3A -50 -100 mA
All pins lona3B Group 3B -50 -100 mA
Output . Sum of Groups 1, 3A,
| - -
current All pins OHA13B 3B 100 200 mA
high
All pins loHasc Group 3C -50 -100 mA
All pins loHA3D Group 3D -50 -100 mA
All pins loHsch Sum of Groups 3C, 3D -100 -200 mA
1pin loHaa -45 -55 mA
Group 4A
All pins loHA4A -200 -270 mA
Output 1 pin loHa -45 -55 mA
current Group 4B
high All pins lonass -200 -270 mA

Currents are averaged current over the given life time. Transient currents are not relevant as
long as the average of transient is below the given value.

The peak current sets the limit for short term current flows.

14 Data Sheet U19509EE1V1DS00



Chapter 3 Absolute Maximum Ratings

3.1 Conditions for Extended Operating Temperature Range: T = -40 ~ 105°C
Caution: For any device’s operation within the extended operating temperature range (TA =-40
.. +105°C), the device's total power consumption must be reduced. The following

tables of this chapter describe additional device conditions securing the requested
decrease of the device’'s power consumption.

Caution: In case any device may operate within the extended operating temperature range (TA
=-40 ... +105°C) all of the below mentioned conditions must never be exceeded at any
time.

Caution: All of the below mentioned device conditions must be applied in addition to any
other parameter that is described within this document

Condition 1:

Tp =-40 ... +105°C,

Operation Modes: RUN, HALT, IDLE

Power dissi

pation: < 0.52W

Duration: 15000 hours

Vss5 =0V

Condition 2:

Tp=-40 ...

+105°C,

Operation Modes: WATCH, Sub-WATCH, STOP, Sub-Clock CPU Operation

Power dissi

pation: < 0.5W

Duration: 15 years

Vss5 =0V

Table 3-3: Absolute maximum ratings currents 105°C

Parameter Symbol

Test Conditions Ratings
average

Unit

Output
current low

IOLA 100 mA

Output
current
high

All pins Sum of Groups 1, 3,5

f =
| sys -100 mA
OHA 16MHz

Number of

motor driver

active stepper
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4.1 Requirements for external power supply connections

Chapter 4 General Characteristics

The user has to ensure a low resistive connection of all VSS pins on the PCB. This specification

denotes this as:

Vss5 = BVggs = SMVggs = AVgg =0V

in the further text.

The user has to ensure a low resistive connection of the pin Vppsg.
The user has to ensure a low resistive connection of all BVppsy pins.
The user has to ensure a low resistive connection of all SMVpps, pins.

4.2 Capacitance connected to REGCO

The Device requires to connect a capacitor with the following parameters to the pin REGCO. The pin
REGCO must not be connected externally.

Table 4-1: External Capacitance Requirement
Parameter Symbol Te_s_t Min. Typ Max. Unit
Conditions
Capacitance CrEG 3.3 4.7 10 uF
ESR of capacitance Cesr FO = 100kHz 0.6 Q

Data Sheet U19509EE1V1DS00

16



Chapter 4 General Characteristics

4.3 Main Oscillator Characteristics

Tp =-40 ~ +85°C,

BVpps=3.0V~5.5V,

AVpp =32V ~55V,SMVpps =32V ~55V,

Vpps =3.2V~5.5V, (see “Power On Clear” on page 57 for further functional restrictions),
Vsss = BVsss5 = SMVggs = AVgs =0V

A ceramic or crystal resonator has to be connected to the main clock input pins as shown in figure 4-1.

Note: External clock supply is not possible in user mode due to oscillator circuit limitation.

Figure 4-1: Recommended Main Oscillator Circuit

Note: Values of Cq, C, and R depend on the used crystal or resonator and must be specified in coop-
eration with crystal/resonator manufacturer.

Cautions: 1. External clock input is prohibited.
2. When using the main system clock oscillator, wire as shown in above figure. This
will avoid an adverse effect from wiring capacitance.
» Keep the wiring length as short as possible.
» Do not cross the wiring with other signal lines.

» Do not route this circuit close to a signal line with high fluctuating current
flow.

» Always make the ground point of the oscillator capacitor the same potential
as Vss.

« Do not ground the capacitor to a ground pattern with high current flow.
» Do not fetch signals from the oscillator.

Table 4-2: Main Oscillator Characteristics

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit

Oscillation stabilization time TosT OSC MODE 16 2 ms

X1, X2 Oscillator Frequency fosc 3.6 4.0 4.4 MHz
a. TosT depends on the external crystal. Shorter timing might be found by evaluation.

Remark: This value is valid for crystal operation only.

Data Sheet U19509EE1V1DS00 17



Chapter 4 General Characteristics

Table 4-3: Main Oscillator Characteristics - Crystal Type NDK LN-G8-1404

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit

Oscillation stabilization time TosT OSC MODE 102 ms

X1, X2 Oscillator Frequency fosc 3.6 4.0 4.4 MHz
a. The given oscillation stabilization time is valid exclusively in case the below mentioned crystal-

type from the manufacturer NDK is used for the main-oscillator operation. Beside the applica-
tion of this specific crystal type, the PCB-design and capacitance configuration must ensure
proper operation of the crystal enbling a load capacitance of about CL=12 pF. This parameter
has to be verified by a dedicated crystal-evaluation based on the final PCB.

NDK Spec. No.: LN-G8-1404
Holder: AT-51GW
Frequency: 4.000 MHz
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Chapter 4 General Characteristics

4.4 Sub-Oscillator Characteristics

Tp =-40 ~ +85°C,

BVpps=3.0V~5.5V,

AVpp =32V ~55V,SMVpps =32V ~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss5 = SMVggs = AVgs =0V

A crystal resonator has to be connected to the sub clock input pins as shown in figure 4-2.
Note: External clock supply is not possible in user mode due to oscillator circuit limitation.
Figure 4-2: Recommended Sub Oscillator Circuit

‘ XT1 XT2 ‘

Note: Values of Cgqq, Cg, and Rg depend on the used crystal and must be specified in cooperation
with crystal manufacturer.

Cautions: 1. External clock input is prohibited.
2. When using the main system clock oscillator, wire as shown in above figure. This
will avoid an adverse effect from wiring capacitance.
» Keep the wiring length as short as possible.
» Do not cross the wiring with other signal lines.

« Do not route this circuit close to a signal line with high fluctuating current
flow.

» Always make the ground point of the oscillator capacitor the same potential
as Vss.

« Do not ground the capacitor to a ground pattern with high current flow.
» Do not fetch signals from the oscillator.

Table 4-4: Sub Oscillator Characteristics

Parameter Symbol Test Conditions Min. Typ Max Unit
XT1,XT2 Oscillator Frequency fsosc 32 32.768 35 KHz
Sub oscillator stabilization time TsosT 5a s
a. TsosT depends on the external crystal. Shorter timing might be found by evaluation.

Remark: These values are valid for crystal operation only.
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Chapter 4 General Characteristics

4.5 Peripheral PLL Characteristics

T, =-40 ~ +85°C,

BVpps=3.0V~55V,

AVpp =32V ~55V,SMVpps=3.2V~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restrictions),
Vsss = BVsss = SMVgg5 = AVgs =0V

Table 4-5: Peripheral PLL Characteristics

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
PLL Startup Time TpsT OSC MODE 1.2 ms
PLL Output period jitter 2 Tpy Peak to peak 1 ns
PLL Long term jitter 2 T Time = 20us 2 ns
a. Not tested in production. Specified by design.

4.6 Spread Spectrum PLL Characteristics

Tp = -40 ~ +85°C,

BVpps=3.0V~55YV,

AVDD =3.2V-~55 V, SMVDDS =3.2V~55 V,

Vpps =3.2V ~ 5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVggs = SMVggs = AVgg =0 V

Table 4-6: Spread Spectrum PLL Characteristics

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
SSCG Startup Time TsscasT OSC MODE 1.2 ms
. LOSC MODE, 0 4.2 %
SSCG Frequency modulation dither setting 3%
range & DITHER
_OSC MODE, +6.8 %
dither setting 5%
SSCG center frequency during £ 1.0*
dithering 2 DITHER fhominal
SCFMC1-0 ="
40
SSCG modulation frequency 2 fMod gé 50 kHz
11 60
a. Not tested in production. Specified by design.
b. The typical modulation frequency can be selected by register SCFMC.
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Chapter 4 General Characteristics

4.7 Ring Oscillator Characteristics

T, =-40 ~ +85°C,

BVpps=3.0V~55V,

AVpp =32V ~55V,SMVpps=3.2V~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss = SMVgg5 = AVgs =0V

Table 4-7: Ring Oscillator Characteristics

Parameter Symbol Test Conditions Min. Typ Max Unit
Ring Oscillator Frequency fRING 200 240 300 KHz
Ring oscillator Stabilization T 20 <
Time 2 ROST M
a. Not tested in production. Specified by design.

4.8 1/0 Capacitances

Tp = -40 ~ +85°C,

BVpps=3.0V~55YV,

AVDD =3.2V-~55 V, SMVDDS =3.2V~55 V,

Vpps =3.2V ~ 5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVgss5 = SMVggs = AVgs =0V

Table 4-8: 1/0O Characteristics

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit

Input capacitance C 10 pF
i fc =1 MHz

Input/output capacitance, Co c 15 bF

all I/O pins except group 4 Unmeasured pins

returned to 0 V

Input/output capacitance Ciou 30 OF

Group 4

Data Sheet U19509EE1V1DS00
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5.1 CPU Clock

Tp =-40 ~ +85°C,
BVDD5 =3.0V-~55 V,

Chapter 5 Operation Conditions

AVDD =3.2V~55 V, SMVDDS =3.2V-~55 V,
Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),

Vss5 = BVgg5 = SMVggs = AVgg =0V

Table 5-1: CPU Clock Frequencies
CPU Operation
Clock Mode Prescale Operation Mode Device Clock Frequency
[MHZz]
OSC mode n/a 4
OSC mode, PLL x8 1/2 16
OSC mode, SSCG x12 1/6 8
OSC mode, SSCG x16 1/4 all modes all 16
OSC mode, SSCG x 12 1/2 24
OSC mode, Ring OSC n/a 0.2
OSC mode, Sub OSC n/a 0.032

Data Sheet U19509EE1V1DS00
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Chapter 5 Operation Conditions

5.2 Peripheral Clock

Tp =-40 ~ +85°C,

BVpps=3.0V~5.5V,

AVpp =32V ~55V,SMVpps =32V ~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss5 = SMVggs = AVgs =0V

Table 5-2: Peripheral Clock Frequencies

Clock Clock Source Max Unit
Main OSC 4 MHz
PCLKO-1
Main OSC, PLL x 8 16, 8 MHz
PCLK2 - 15 Main OSC 4,2, ..,1/2048 MHz
Main OSC 4 MHz
IICLK Main OSC, PLL x8
322 MHz
Main OSC, SSCG
Main OSC 4 MHz
SPCLKO -1 Main OSC, PLL x8
16, 8P MHz
Main OSC, SSCG
Main OSC
SPCLK2 - 15 4,2 ...1/2048 MHz
Main OSC, SSCG
Main OSC, PLL x8 32 MHz
Main OSC, SSCG 32€ MHz
FOUT (CLKOUT) Main OSC 4 MHz
Ring OSC 0.2 MHz
Sub OSC 0.032 MHz
Main OSC 4 MHz
LCDCLK Ring OSC 0.2 MHz
Sub OSC 0.032 MHz
Main OSC 4 MHz
WTCLK Ring OSC 0.2 MHz
Sub OSC 0.032 MHz
Main OSC 4 MHz
WDTCLK Ring OSC 0.2 MHz
Sub OSC 0.032 MHz
Main OSC 4 MHz
WCTCLK
PCLK1 see PCLK1 MHz
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Chapter 5 Operation Conditions

Table 5-2: Peripheral Clock Frequencies (Continued)

Clock Clock Source Max Unit
Main OSC 4 MHz
TMCCLK
PCLK1 see PCLK1 MHz

24

a. needs to be ensured by proper configuration of the IICLK divider.
b. needs to be ensured by proper configuration of the SPCLK divider.
c. needs to be ensured by proper configuration of the FOUT (CLKOUT) divider.
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Chapter 6 DC Characteristics

6.1 General DC Characteristics

Tp = -40 ~ +85°C,

BVpps=3.0V~55YV,

AVpp =32V ~55V,SMVpps=3.2V~55YV,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restrictions),
Vsss = BVss5 = SMVggs = AVgs =0V

Table 6-1: DC General Specs

. Test . .
Parameter Pin Group Symbol Conditions Min. Typ Max. Unit
1 I 0= Vi<= 1 +1 A
Li1 -
BVpps H
0<= V| <=
2 L2 -1 +1 HA
Vbpso
0<= V| <=
Input leakage 3 I3 -1 +1 LA
Vbpso
4 I 0=V <= 10 +10 A
LIS SMVpps - K
5 I 0<=Vi<= 0.2 +0.2 A
LIA AVpp -U. . H
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Chapter 6 DC Characteristics

6.2 Injected Current Characteristics

T, =-40 ~ +85°C,

BVpps=3.0V~55V,

AVpp =32V ~55V,SMVpps=3.2V~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restrictions),
Vsss = BVsss = SMVgg5 = AVgs =0V

. Test . .
Parameter Pin Group Symbol Conditions Min. Typ Max. Unit
Injected current per
D4 All, except 5 liNg -2 +2 mA
pin
Injected current per b
- a 5 liNg -2 +2 mA
pin
a. The injected current will not be tested during production. Value will be verified by evaluation.
The total current per pin group (injected plus operating) has to be in the limits of the absolute
maximum ratings for output currents (values for output current low and output current high).
The operation voltage must stay in the limits of the operating conditions. The user has to
make sure that the injected current does not pull the supplied voltage outside of the operating
conditions.
b. The accuracy of the ADC specified in this document is only valid when the sum of all currents

of pin group 5 is in the range of -14mA and +14mA.
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Chapter 6 DC Characteristics

6.3 Pin Group 1

Pin Group 1x: Pins supplied by BVpps:
P00-03, P16-17, P30-31, P46-47, P50-51

Tp =-40 ~ +85°C,

BVpp5=4.0V~55YV,
AVDD =3.2V~55 V, SMVDDS =3.2V-~55 V,
Vpps = 3.2V ~ 5.5V, (see “Power On Clear” on page 57 for further functional restriction),

Vsss = BVggs = SMVggs = AVgg =0V

Table 6-2: Pin Group 1 Normal Operating Range
Pin Pin Test : .
Parameter mode?® | Group Symbol Conditions Min. Typ Max. Unit
Schmittl VlHl 0.7 BVDDS BVDDS \%
1
Schmitt2 V|H2 0.8 BVDDS BVDDS \%
Input voltage high
CMOS1 Vius 0.7 BVpps BVpps \Y
1
CMOS2 Vina 0.8 BVpps BVbps \Y
Schmittl V||_1 0 0.3 BVDDS \%
1
Schmitt2 V||_2 0 0.5 BVDDS \%
Input voltage low
CMOS1 Vs 0 0.3BVpps | V
1
CMOS2 ViLa 0 0.5BVpps | V
Schmittl VHYl 150 mV
Input hysteresis ? 1
Schmitt2 VHYZ 150 mV
Limitl VOH IOH =-2.0 mA BVDDS -0.45 V
Output voltage high 1
Limit2 VoH log = -5.0 mA BVpps - 0.45 V
Limitl VOL IOL =2.0mA 0.45 \V
Output voltage low 1
Limit2 VoL lop =5.0 mA 0.45 \%
Maximum output Limitl lonm1 -2 -12 mA
short circuit current Vou =0V
high Limit2 lonm2 -5 -30 mA
1
Maximum output Limit1 loLm1 VoL = 2 12 mA
short circuit current BV
low Limit2 loLm2 DD5 5 30 mA
a. CMOS1, CMOS2, Schmittl and Schmitt2 denote the non-schmitt and the two schmitt trigger

input characteristics of the device pins. This characteristic can be selected bitwise by soft-

ware.

Limitl and Limit2 denote the two output characteristics with current limit functionality of the

device pins. The characteristic can be selected bitwise by software.

b. Not tested in production. Specified by design.
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Chapter 6 DC Characteristics

T, =-40 ~ +85°C,

BVpps=3.0V~4.0V,

AVpp =3.2V~55V,SMVpps=3.2V~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVggs = SMVggs = AVgs =0V

Table 6-3: Pin Group 1 Low Voltage Operating Range

Pin Pin Test ) .
Parameter mode @ | Group Symbol Conditions Min. Typ Max. Unit
Schmittl ViH1 0.7 BVpps BVpps \%
1
Schmitt2 V|H2 0.8 BVDDS BVDDS \Y
Input voltage high
CMOS1 Vina 0.7 BVpps BVpps v
1
CMO0S2 ViHa 0.8 BVpps BVpps Y
Schmittl V||_1 0 0.3 BVDD5 \Y
1
Schmitt2 V||_2 0 0.35 BVDDS \Y
Input voltage low
CMOS1 Vi3 0 0.3BVpps | V
1
CMOS2 V||_4 0 0.5 BVDDS V
Schmittl Vhv1 100 mV
Input hysteresis P 1
Schmitt2 VHY2 100 mV
Limitl 1 VOH IOH =-1.0 mA BVDDS -0.45 V
Output voltage high
Limit2 1 VOH IOH =-2.0 mA BVDDS -0.45 V
Limitl 1 VoL lop =1.0mA 0.45 \Vi
Output voltage low
Limit2 1 VoL lo. =2.0mA 0.45 \Vi
Maximum output Limitl lonm1 -1 mA
short circuit current Vou=0V
hlgh Limit2 IOHMZ -2 mA
1
Maximum output Limit1 loLm1 Ve = 1 mA
. . oL
short circuit current BY
low Limit2 IOLMZ DD5 2 mA
a. CMOS1, CMOS2, Schmittl and Schmitt2 denote the non-schmitt and the two schmitt trigger
input characteristics of the device pins. This characteristic can be selected bitwise by soft-
ware.

Limitl and Limit2 denote the two output characteristics with current limit functionality of the
device pins. The characteristic can be selected bitwise by software.

b. Not tested in production. Specified by design.
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Chapter 6 DC Characteristics

6.4 Pin group 2: RESET and FLMDO

Ty = -40 ~ +85°C,

BVpps=3.0V~5.5V,
AVpp =32V ~55V,SMVpps =32V ~55V,
Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss5 = SMVggs = AVgs =0V

Table 6-4: Pin Group 2 Normal Operating Range

Pin Pin Test . .

Parameter mode Group Symbol Conditions Min. Typ Max. Unit
Input voltage high Schmittl 2 Viui 0.7 Vppso Vppso \%
Input voltage low Schmittl 2 Vi 0 0.3 Vppso \Y
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Chapter 6 DC Characteristics

6.5 Pin Group 3: GPIO and LCD Controller

Pin Group 3: GPIO and LCD Controller supplied by BVpps.

3A: P20-24

3B: P25-27, P34-37, P60-67

3C: P32, P43-45, P80-83, P85-87, P104-107
3D: P90-97

Note: Do not operate buffers of pin group 3 in current limit state, when the LCD function is used. Fail-
ing to do so may lead to a decreased accuracy of the LCD waveforms.

Tp = -40 ~ +85°C,

BVpps=4.0V~55YV,

AVpp =32V ~55V,SMVpps=3.2V~55YV,

Vpps = 3.2V ~ 5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss = SMVggs = AVgg =0V

Table 6-5: Pin Group 3 Normal Operating Range

Pin Pin Test : .
Parameter mode? | Group Symbol Conditions Min. Typ Max. Unit
Schmittl VIHl 0.7 BVDDS BVDDS \%
3
Schmitt2 V|H2 0.8 BVDDS BVDDS \%
Input voltage high
CMOS1 Vin3 0.7 BVpps BVpps Y,
3
CMO0S2 V|H4a 0.8 BVpps BVpps Y,
Schmittl VILl 0 0.3 BVDD5 \%
3
Schmitt2 V|L2 0 0.5 BVDD5 \%
Input voltage low
CMOS1 Vi3 0 0.3 BVpps \%
3
CMO0S2 ViLa 0 0.5 BVpps \%
Schmittl VHYl 150 mV
Input hysteresis ° 3
Schmitt2 VHYZ 150 mV
Limitl VOH IOH =-2.0 mA BVDDS -0.45 V
Output voltage high 3
Limit2 VoH log =-5.0 mA BVpps - 0.45 V
Limitl VOL IOL =2.0mA 0.45 \V
Output voltage low 3
Limit2 VOL IOL =5.0 mA 0.45 \V
Maximum output Limitl lonm1 -2 -12 mA
short circuit current Vou=0V
high Limit2 lonm2 -5 -30 mA
3
Maximum output Limit1 loLm VoL = 2 12 mA
short circuit current BV
low Limit2 loLm2 DD5 5 30 mA
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Chapter 6 DC Characteristics

CMOS1, CMOS2, Schmittl and Schmitt2 denote the non-schmitt and the two schmitt trigger
input characteristics of the device pins. This characteristic can be selected bitwise by soft-

ware.
Limitl and Limit2 denote the two output characteristics with current limit functionality of the

device pins. The characteristic can be selected bitwise by software.

Not tested in production. Specified by design.
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Chapter 6 DC Characteristics

T, =-40 ~ +85°C,

BVpps=3.0V~4.0V,

AVpp =3.2V~55V,SMVpps =32V ~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVggs = SMVggs = AVgs =0V

Table 6-6: Pin Group 3 Low Voltage Operating Range

Pin Pin Test . .
Parameter moded | Group Symbol Conditions Min. Typ Max. Unit
Schmittl ViH1 0.7 BVpps BVpps \Y%
3
Schmitt2 V|H2 0.8 BVDDS BVDDS \Y
Input voltage high
CMOS1 Vina 0.7 BVpps BVpps v
3
CMOS2 Ving 0.8 BVpps BVbps \Y
Schmittl V||_1 0 0.3 BVDD5 \Y
3
0.35
Schmitt2 VL2 0 BV \%
Input voltage low DD5
CMOS1 Vi3 0 0.3BVpps | V
3
CMOS2 ViLa 0 0.5BVpps | V
Schmittl Vhv1 100 mV
Input hysteresis P 3
Schmitt2 Vhy2 100 mV
Limitl VOH IOH =-1.0 mA BVDDS - 0.45 V
Output voltage high 3
Limit2 VOH IOH =-2.0 mA BVDDS - 0.45 V
Limitl VoL lo. =1.0mA 0.45 \%
Output voltage low 3
Limit2 VoL loL =2.0mA 0.45 \V]
Maximum output Limitl loum1 -1 -12 mA
short circuit current Vou =0V
hlgh Limit2 IOHMZ -2 -30 mA
3
Maximum output Limitl loLm1 VoL = 1 12 mA
short circuit current BV
low Limit2 IOLMZ DD5 2 30 mA
a. CMOS1, CMOS2, Schmittl and Schmitt2 denote the non-schmitt and the two schmitt trigger
input characteristics of the device pins. This characteristic can be selected bitwise by soft-
ware.

Limitl and Limit2 denote the two output characteristics with current limit functionality of the
device pins. The characteristic can be selected bitwise by software.

b. Not tested in production. Specified by design.
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Chapter 6 DC Characteristics

6.6 ADC Input

This chapter describes the digital functions available at the pins supplied by AVDD. The number of
available analog conversion channels differ between the devices.

Pin Group 5: Pins supplied by AVpps:

P70 .. P77

Note: Digital buffer function is available for P70..P77 only.

Tp =-40 ~ +85°C,

BVpps=3.0V~55YV,
AVpp =32V ~55V,SMVpps=3.2V~55YV,
Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss = SMVggs = AVgs =0V

Table 6-7: Pin Group 5 Normal Operating Range
Parameter Pin Symbol Test Min T Max Unit
mode?® | Y Conditions yp
Schmittl ViH1 0.7 AVpps AVpps \%
Input Voltage High
Schmitt2 ViH2 0.8 AVpps AVpps \%
Schmittl Vi 0 0.3 AVpps \%
Input Voltage Low
Schmitt2 V|L2 0 0.5 AVDDS \%
Input Voltage Hys- | Schmittl VHi1 150 mv
i b
teresis Schmitt2 Vi 150 mvV
a. Schmittl denotes the schmitt trigger input characteristics of the device pins.
b. Not tested in production. Specified by design.
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Ty = -40 ~ +85°C,

BVpps=3.0V~55V,
AVpp =32V ~4.0V,SMVpps=3.2V~55V,
Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVggs = SMVggs = AVgs =0V

Table 6-8: Pin Group 5 Low Voltage Operating Range
Parameter Pin Symbol Test Min T Max Unit
mode?® | =7 Conditions yp
Schmittl ViHi 0.7 AVpps AVpps \Y
Input Voltage High
Schmitt2 Vinz 0.8 AVpps AVpps \
SChmIItl V||_]_ 0 03 AVDD5 V
Input Voltage Low
SChmIIIZ V||_2 035 AVDD5 V
Input Voltage Hys- | Schmittl VhiL 150 mv
o b
teresis Schmitt2 V2 150 mV
a. Schmittl denotes the schmitt trigger input characteristics of the device pins.
b. Not tested in production. Specified by design.
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Chapter 6 DC Characteristics

6.7 LCD Common and Segment Lines

Tp =-40 ~ +85°C,

BVpps=4.5V~5.5V,

AVpp =32V ~55V,SMVpps =32V ~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss5 = SMVggs = AVgs =0V

Table 6-9: DC Characteristics LCD Common and Segment Lines

Parameter Symbol TestConditions Min. Typ Max Unit
LCD Segment Output Vi con Vi con
V = a
Voltage (unloaded) 0obS 10=+1pA “02 | Vicon +0.2 v
LCD Common Out- v V.
put Voltage Vobc 10 = +1pA Lg';” Vi cbn +"8Dz” \Y;
(unloaded) T :
Vicoo Vicoo
V 10 =+1.5mA \ \%
LCo -01 LCDO +01
Vicob1 Vicob1
V 10 =21.0 mA \ \%
Lel m -0.1 N )
LCD split voltage®
V V
v I0=%1.0mA Lebz ) v LcD2 Y
Lez -0.1 Leb2 1 401
V V
v I0=%1.5mA Leb3 ) v LCD3 Vv
Les -0.1 LeD3 1 401
Segment lines
Ricps L 1.8 kQ
LCD Series resist- Vicon 10 pin
ance® Common lines
Ricoc V| cpp 0 pin 1.8 kQ
i - ftrame=244Hz, All segment and com-
LCD operation cur IDD_cp frame' , g 200 LA
rent mon lines set to LCD mode and open
a. VLCDn (n= 0..3) represents one of the four possible voltage levels at the LCD pins. See table
below for reference.
b. The split voltage is an internal design value. Direct measurement is not possible.
C. The Series resistance is an internal design value. Direct measurement is not possible.

Note: The power supply configuration is restricted, when the LCD is used. The LCD voltages are
generated centrally.

Table 6-10: Definitions for VLCD

VLCDn Voltage
VLCDO BVpps
VLCD1 2/3 X BVpps
VLCD2 1/3 x BVpps
VLCD3 0 X BVpps = BVggs
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6.8 Stepper Motor Driver 1O

Pin Group 4: Stepper Motor outputs supplied by SMVpps
4A: P120-127
4B: P130-137

Tp = -40 ~ +85°C,

BVpp5=3.0V~55YV,

AVpp =32V ~55V,SMVpps=4.0V~55YV,

Vpps = 3.2V ~ 5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVss5 = SMVggs = AVgg =0V

Table 6-11: DC Characteristics Stepper Motor Driver Input Normal Voltage Operation

Parameter Pin Symbol Test Min T Max Unit
mode? | > Conditions yp
Schmittl V|Hl 0.7 SMVDD5 SMVDD5 V
Input Voltage High
CMOS1 Vin3 0.7 SMVpps SMVpps \%
CMOS2 A\ 0.8 SMVpps SMVpps \%
Schmittl V||_1 0 0.3 SMVDD5 \%
Schmitt2 V||_2 0 0.5 SMVDD5
Input Voltage Low
CMOS1 Vi 0 0.3 SMVpps \%
CMOS2 \ 0.5 SMVpps
Input Voltage Hys- Schmittl A\ 150 mV
o b
teresis Schmitt2 VA 150 mvV
a. CMOS1 and Schmittl denote the non-schmitt trigger and the two schmitt trigger input charac-

teristics of the device pins. This characteristic can be selected bitwise by software.

b. Not tested in production. Specified by design.
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Ty = -40 ~ +85°C,

BVpps=3.0V~55V,
AVpp =32V ~55V,SMVpps =32V ~4.0V,
Vpps = 3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVgs5 = SMVggs = AVgs =0V

Table 6-12: DC Characteristics Stepper Motor Driver Input Low Voltage Operation
Parameter Pin Symbol Test Min T Max Unit

mode? | > Conditions yp
Schmittl V|H1 0.7 SMVDD5 SMVDD5 V
Schmitt2 V|H2 0.8 SMVDD5 SMVDD5 V

Input Voltage High
CMOS1 | Vi3 0.7 SMVpps SMVpps v
CMOS2 | Vi 0.8 SMVpps SMVpps v
Schmittl Vi1 0 0.3 SMVpps \V,
Schmitt2 V2 0.35 SMVppsg \V,

Input Voltage Low
CMOS1 | V3 0 0.3 SMVpps v
CMOS2 | V4 0.5 SMVpps v

Input Voltage Hys- | Schmittl Vil 100 mv

i b
teresis Schmitt2 | Vi 100 mv
a. CMOS1 and Schmittl denote the non-schmitt trigger and the two schmitt trigger input charac-
teristics of the device pins. This characteristic can be selected bitwise by software.
b. Not tested in production. Specified by design.
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T, =-40 ~ +85°C,

BVpps=3.0V~55V,

AVpp =32V ~55V, SMVpps=4.75V ~5.25V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVgss = SMVggs = AVgg =0V

Table 6-13: DC Characteristics Stepper Motor Driver Output Normal Operation

Pin Test . .
Parameter mode Symbol Conditions Min Typ Max Unit
IOH =-40 mA,
V SMV -05 SMV
OH TA= -40°C DD5 DD5 \
lOH =-30 mA,
i V SMV -05 SMV
Output Voltage High OH Tp= +25°C DD5 DD5 \%
lOH =-27 mA,
V SMV -0.5 SMV,
OH Tp= +85°C DD5 DD5 \4
loL = 40 mA,
V
oL Ta= -40°C 0 0.5 \Y
Output Voltage L v lou =30 mA, 0 05 v
utput Voltage Low oL Ta= 425°C .
|o|_ =27 mA,
V
oL TA= +85°C 0 0.5 \
Output voltage devi-
1P a g Vbev 0 50 mvV
ation
Output Slew rate ° tRF 10% - 90% 12 25 70 ns
Peak Cross Current® Icross 50 mA
Output Pulse width® tmo 125 ns
Output Pulse length
o e tsmpEV -10 +5 +45 ns
deviation
a. Output voltage deviation defines the difference of the outputs levels of the same stepper motor.

Vpey =max (| Vouy - Vory |+ | Vorx - Vouy | ) @ lox = loHy: loux=loLy-
x and y denote any combination of two pins of the following pin groups: (P120-123, P124-P127, P130-
P133, P134-P137)

b. The slew rate is not tested, but derived from simulation.
The slew rate control generates a cross current in the output stage to control the energy of the external
inductive load. The cross current flows only during the output transistion time tge It flows in addition to the
output current. The cross current is not tested, but derived from simulation.

d. The output buffer can not generate high or low pulses shorter than this time, because of its slew rate con-
trol system. This value is not tested, but derived from simulation.

e. The slew rate control function causes a deviation of output pulse time compared to the ideal selected out-
put pulse setting. This value is not tested, but derived from simulation.

Note: The stepper output drivers have no current limitation and are not protected regarding short cir-
cuit.

38 Data Sheet U19509EE1V1DS00



Chapter 6 DC Characteristics

Tp =-40 ~ +85°C,

BVpps=3.0V~55V,

AVpp =3.2V ~55V, SMVpps=3.2V ~ 4.75V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVgs5 = SMVggs = AVgs =0V

Table 6-14: DC Characteristics Stepper Motor Driver Output Low Voltage Operation

Pin Test . .
Parameter mode Symbol Conditions Min Typ Max Unit
Output Voltage High Vou lop = -5 mA, SMVpps - 0.5 SMVpps V]
Output Voltage Low VoL loL = +5 mA, 0 0.5 \%
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6.9 Current Limit Function of I/O buffers

The output buffers of the pin groups 1 incorporate a current limiting function. This function limits the out-
put current of the buffer to a certain value during output signal switching.

The limit is disabled when the buffer output voltage is near to its target voltage, thus providing full driva-
bility. During full drivability the current may reach values given in absolute maximum ratings for a single

pin.
The user can select different limit ranges by software (see Functional Target Specification for details).

The limit function is independant from the operation mode of the device.
A permanent short circuit of outputs is not permitted.

The stepper motor driver outputs do not support a current limiting function.
Figure 6-1: Current Limit Function Principle

-IOH

A

Limit max
Limit min
> \/OL
TVODL TVODH
+—rrt—> ¢+—————r4¢+—>
no Limit Limited Limited no Limit

Note: The current limit function of the 1/0O buffers needs additional bias current to control the output
stage. The additional bias current depend on the status of each buffer. Each buffer with either
high or low output and in the stage of current limiting will draw this bias current.
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Tp =-40 ~ +85°C,

BVpps=3.0V~55V,

AVpp=3.2V~55V, SMVpp5=3.2V~55Y,

Vpps = 3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVgs5 = SMVggs = AVgs =0V

Table 6-15: DC Characteristics of Current Limiting Function 2

Parameter Pin Symbol TGSt. Condi- Min Typ Max Unit
mode tions
Limit disable threshold voltage for V, b_
ge for Voy Voon VDDx VDDx-11 | V
1.6
Limit disable threshold voltage for Vg VobL 1.1 1.6 \
Supply Current per buffer for current Limitl IbpcLa 0.8 mA
limitation © —
Limit2 IbpeLe 1.7 mA
a. These values are not tested. They are given based on design simulation
b. VDDx denotes the corresponding voltage supply of the pin.
c. This current need not be considered during absolute maximum current calculation.

Note: The function of the current limiting operation is sensitive against inductive loads under a certain

condition:

» The load of the pin is below the selected current limit and the device could reach a suffi-

cient output voltage. The device changed to full drivability.
e The external circuitry sinks/sources more and more current.
» The current creates an increasing voltage drop in the output stage of the device.
e The increasing voltage drop enables the current limiting function.

» The enabling of the current limit together with an external inductance may lead to an oscil-
lation of the output between the limited and unlimited state. The external inductance cre-

ates voltage peaks that change the state of the output buffers current limiting function.

 Recommendation: keep external inductance small (keep external wiring short).

Data Sheet U19509EE1V1DS00
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6.10 Supply Current

Table 6-16: DC Characteristics Supply Current uPD70F3417(A), uPD70F3416(A)?

Parameter Symbol Test Conditions Min Typ Max Unit
Operating
Ibp13 (fcpyu = 24 MHz; 40 55 mA
SSCG,PLL: on)
Operating
Ibp13 (fcpy = 16 MHz; 29 40 mA
SSCG,PLL: on)
Operating
IDD13 (fch =8 MHz; 18 25 mA
SSCG,PLL: on)
Operating
Ibb14 (fepu = 4 MHZ; 1 15 mA
SSCG,PLL: off)
Operating
Ibp1s (fepy =32 kHz; 05 0.8 mA
SSCG,PLL: off)
Operating
Supply current Ipp16 (fcpu = RingOSC = 300 35 5.0 mA
kHz; SSCG,PLL.: off)
HALT Mode
Ibb21 (foL = 16 MHz; 16 24 mA
SSCG,PLL: on)
IDLE Mode
Ibpa1 (fpLL = 16 MHz; 3.2 4.8 mA
SSCG,PLL: on)
Ipps STOP 10 190 HA
Ibpe WATCH 150 350 HA
Ibpsa WATCH Monitored 165 390 PA
Ibp7 SUB WATCH 50 200 HA
Ibp7A SUB WATCH Monitored 65 215 HA
SUB WATCH on
|
DD7B RingOSC 65 215 HA
a. These values are target values without current consumption due to external circuitry at the 10-

pins.
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The low current modes (STOP, WATCH, SUB WATCH) are tested under the following conditions:

» Operation modes setting as described in table below.

 All functional pins with output possibility are set to output with alternating high and low output

levels.

» Testequipment is disconnected from output pins.

+ IDD is the total sum of currents to the device supply pins Vpps, BVpps, SMVpps, AVpp

- Device drives its own leakage currents by its output stages.
- The leakage current is included in the given IDD values.

Table 6-17: Operational conditions for measurement
Unit Watch Wa_tch MON" 1 sub watch Sléa Vlglitc " Sub Watch STOP
itored gOSC monitored
Main-oscillator running running stopped stopped stopped stopped
stopped stopped stopped
Sub-oscillator (XT1 (XT1 running (XT1 running stopped
clamped) clamped) clamped)

Ring-oscillator stopped running stopped running running stopped

SSCG stopped stopped stopped stopped stopped stopped

PLL stopped stopped stopped stopped stopped stopped

CPU system stopped stopped stopped stopped stopped stopped

IICCLK stopped stopped stopped stopped stopped stopped

PCLKO, PCLK1 stopped stopped stopped stopped stopped stopped

PCLK2...PCLK15 stopped stopped stopped stopped stopped stopped

SPCLKO, SPCLK1 stopped stopped stopped stopped stopped stopped

SPCLK2...SPCLK15 stopped stopped stopped stopped stopped stopped

FOUT stopped stopped stopped stopped stopped stopped

WTCLK running running running running running stopped

WDTCLK stopped stopped stopped stopped stopped stopped

TMOCLK stopped stopped stopped stopped stopped stopped

LCD disabled disabled disabled disabled disabled disabled

ADC disabled disabled disabled disabled disabled disabled

Regulator® Standby Standby Standby Standby Standby Standby
a. Regulator in standby: STBCTL = 0x03

Data Sheet U19509EE1V1DS00
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7.1 AC Test Input/Output Waveform

Figure 7-1: AC Test Input/Output Waveform

TestPoirs
VDDSX
BVppsx
SMVEE; ‘\ 0.7 XVDD5X /
oV X 4« 03 XVDD5X T

7.2 AC Test Load Condition

Figure 7-2: AC Test Load Condition

puT __L Load on test
;”- C.=50pF
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7.3 Reset

Ty = -40 ~ +85°C,
BVpps=3.0V~5.5V,

AVpp=3.2V ~55V, SMVpps=3.2V ~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVgss5 = SMVggs = AVgs =0V

Table 7-1: Reset AC Characteristics

Parameter Symbol | Test Conditions MIN. MAX. Unit
RESET high-level width 2 twRsH 500 ns
RESET low-level width P twrsL 500 ns
RESET Pulse rejection © twRRJ 50 ns
a. This signal high time is needed to ensure that the internal RESET release operation starts.
This signal low time is needed to ensure that the internal RESET is activated.
c. The RESET input incorporates an analog filter. Pulses shorter than this minimum will be

ignored. Not tested in production.

Note: Reset pulses shorter than the given value may not be recognized by the device, they do not

cause undefined states of the device.

RESET

Figure 7-3:

tWRSH

Reset Timing
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7.4 Interrupt Timing

T, =-40 ~ +85°C,

BVpps=3.0V~55V,

AVpp =32V ~55V,SMVpps=3.2V~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss = SMVgg5 = AVgs =0V

Table 7-2: Interrupt AC Characteristics

Parameter Symbol | Test Conditions Min Typ Max Unit
NMI high-level width & tNIH 360 ns
NMI low-level width 2 LN 360 ns
NMI pulse rejection P tNIR 50 360 ns
INTPR® high-level width 2 UrH 360 ns
INTPNC low-level width 2 T 360 ns
INTPn® pulse rejection P trRI 50 360 ns
a. Pulses longer than this value will pass the input filter.

Pulses shorter than this value do not pass the input filters. Not tested in production.
C. n=7...0

Figure 7-4: Interrupt Timing

tNH t i

- > |« >
NMI ) { J/—

t ITH t ITL

| » |a |
INTPn N %L J/—

Note: Interrupt timing is generated by analog delay elements. Delay characteristics have a wide range
in production.
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7.5 Peripheral Function Characteristics

The following conditions are valid for all peripheral function characteristics unless otherwise noted.

Tp =-40 ~ +85°C,

BVpps=3.0V~5.5V,

AVpp =32V ~55V,SMVpps =32V ~55V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss5 = SMVggs = AVgs =0V

7.5.1 Timer P
Table 7-3: Timer P AC Characteristics
Parameter Symbol | Test Conditions Min Typ Max Unit
triPHD Digital filter 45 +3/fpc| ko® ns
No digital filter,
tTIPHNB react on both 45 +2/fPCLK0 ns
TIPmn? high-level width edge
No digital filter,
trpuns | reactonsingle | 45 +1/fpc ko ns
edge
tripL Digital filter 45 +3/fpcLio ns
No digital filter,
triPLNE react on both 45 +2/fpc ko ns
TIPmn 2 low-level width edge
No digital filter,
trpins | reactonsingle | 45 +1/fpciko ns
edge
a. m=0,n=1...0
b. fpcLko is the clock frequency of the digital filter connected to the input pin.
Figure 7-5: Timer P Input Timing

1:TI R

tTIPH
TIPmn —_—
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7.5.2 Timer G
Table 7-4: Timer G Input Characteristics
Parameter Symbol | Test Conditions Min Typ Max Unit
Digital filter,
treHL | b_f. . c 45 + 3/fpcLko ns
PCLKO = TccLk
TIGmn? high-level width Digital filter,
g trigH2 " 9 o f 45 + 2/fcc1k ns
PCLKO > TccLk
tTigHO No digital filter 45 + 2/fcoLk ns
Digital filter,
tricLy " g _f 45 + 3ffpcLko ns
PCLKO = TccLk
a - i Digital filter,
TIGmMNn® low-level width trieLe . g9 ot 45 + 2ffecik ns
PCLKO > TccLk
tTicLo No digital filter 45 + 2/fccLk ns
a. m=0..1:n=1...4,m=2:n=0...5
b. fspcLko IS the clock frequency of the digital filter connected to the input pin.
C. fccLk is the count clock frequency of the Timer G.
7.5.3 UARTA
Table 7-5: UARTA AC Characteristics
Parameter Symbol | Test Conditions Min. Max Unit
Transfer rate TuarRTA 0.3 1000 Kbps
7.5.4 CAN
Table 7-6: CAN AC Characteristics
Parameter Symbol | Test Conditions MIN. MAX. Unit
Transfer rate Trcan fean® = 8 MHz 1 Mbps
a. fcan is the CAN macro clock frequency. For CAN clock selection refer to functional specifica-

tion of the CAN.
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755 CSIB

(1) CsSIB Master Mode

Table 7-7: CSIB Master Mode AC Characteristics with Digital Filter

Parameter Symbol | Test Conditions MIN. MAX. Unit

SCKBn cycle time tkeyl 8/fpcLko ns
SCKBn high level width tkH1 0.5 tccyy - 15 ns
SCKBn low level width tkL1 0.5 tccyr - 15 ns
SIBn setup time (to SCKBn) tsik1 50 + 4/fpcLko? ns
SIBn hold time ( from SCKBn ) tksin -31 - 4ffpciko ns
Delay time from SCKBn to fesol 6 ns
SOBN

a. fpcLko IS the clock frequency of the digital filter connected to the input pin.

Table 7-8: CSIB Master Mode AC Characteristics without Digital Filter

Parameter Symbol | Test Conditions MIN. MAX. Unit

SCKBn cycle time tkeyl 125 ns
SCKBn high level width tkH1 0.5 tycyy - 15 ns
SCKBn low level width tki1 0.5 tycyy - 15 ns
SIBn setup time (to SCKBN) tsik1 50 ns
SIBn hold time (from SCKBn) tksi1 31 ns
Delay time from SCKBn to tesol 6 ns
SOBN

Note: n=0...1
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(2) CsIB Slave Mode

Table 7-9: CSIB Slave Mode AC Characteristics with Digital Filter

Parameter Symbol | Test Conditions Min Max Unit
SCKBn cycle time tkeyl 8/fpcLko ns
SCKBn high level width tkHL 4ffpciko - 5 ns
SCKBn low level width tki1 4ffpciko - 5 ns
SIBn setup time (to SCKBn) tsik1 15 + 2/fpciko? ns
SIBn hold time (from SCKBn) tksi 5+ 2ffpciko ns
Delay time from SCKBn to
SOB)rll tkso1 45 + 3lfpciko ns

a. focLkg IS the clock frequency of the digital filter connected to the input pin.
Table 7-10: CSIB Slave Mode AC Characteristics without Digital Filter

Parameter Symbol | Test Conditions Min Max Unit
SCKBn cycle time tkeve 125 ns
SCKBn high level width k1 50 ns
SCKBn low level width tkL1 50 ns
SIBn setup time (to SCKBn) tgik1 15 ns
SIBn hold time (from SCKBn) tksi1 5 ns
Delay time from SCKBn to
SOB)r/1 tKSOl 45 ns

Note: n=0...1

SCKBn \ Z_

SIBn

Figure 7-6: CSI Master/Slave Mode Timing
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Figure 7-7:

SIBn

tKCYn

>
tein titin
[P

tsikn tksin

Input data

thon

{

CSI Master/Slave Mode Timing Inverted Clock

SOBnN

Output data

-
X

(3) CSIB Master Mode - Low Voltage Operation

Ty = -40 ~ +85°C,
BVpps=3.0V ~ 4.5V,

AVpp = 3.2V ~5.5V, SMVpps = 3.2V ~5.5V,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),

Vss5 = BVggs = SMVggs = AVgg =0V

Table 7-11: CSIB Master Mode AC Characteristics with Digital Filter - Low Voltage Operation

Parameter Symbol | Test Conditions MIN. MAX. Unit

SCKBn cycle time tkcyl 8/fpcLko ns
SCKBn high level width tkH1 0.5tkcy1 - 15 ns
SCKBn low level width tkL1 0.5tkcy1 - 15 ns
SIBn setup time (to SCKBn) tsik1 93 + 4/fpc ko? ns
SIBn hold time ( from SCKBn ) tksit -49 - Affpciko ns
Delay time from SCKBn to

SoBh tkso1 45 ns

a. fpcLko IS the clock frequency of the digital filter connected to the input pin.
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Table 7-12: CSIB Master Mode AC Characteristics without Digital Filter - Low Voltage Operation

Parameter Symbol | Test Conditions MIN. MAX. Unit
SCKBn cycle time tkeyl 125 ns
SCKBn high level width tkH1 0.5 tkcys - 80 ns
SCKBn low level width tkia 0.5 tycyy - 80 ns
SIBn setup time (to SCKBn) tsik1 93 ns
SIBn hold time (from SCKBn) tksin -49 ns
g(e)l;)r/] time from SCKBn to tsol 45 ns

Note: n=0...1
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(4) CsSIB Slave Mode - Low Voltage Operation

Table 7-13: CSIB Slave Mode AC Characteristics with Digital Filter - Low Voltage Operation

Parameter Symbol | Test Conditions Min Max Unit
SCKBn cycle time tkcyl 8/fpcLko ns
SCKBn high level width tkH1 Affpciko - 5 ns
SCKBn low level width tki1 Affpciko - 5 ns
SIBn setup time (to SCKBn) tsik1 15 + 2/fpci ko? ns
SIBn hold time (from SCKBn) tksi1 5 + 2/fpcLko ns
g(e)lg)rl] time from SCKBn to fesol 100 + 3ffpcy ko ns

a. fecLko IS the clock frequency of the digital filter connected to the input pin.

Table 7-14: CSIB Slave Mode AC Characteristics without Digital Filter - Low Voltage Operation

Parameter Symbol | Test Conditions Min Max Unit
SCKBn cycle time tkcyl 125 ns
SCKBn high level width tkH1 50 ns
SCKBn low level width teL1 50 ns
SIBn setup time (to SCKBN) tsik1 15 ns
SIBn hold time (from SCKBn) tksin 5 ns
Delay time from SCKBn to tesol 100 s

SOBn

Note: n=0...1
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75.6 I2C
Table 7-15: 12C AC Characteristics
Normal Mode Fas'\;-sg)eed
Parameter Symbol ode Unit
min max min max
SCLO clock frequency folk 0 100 0 381 kHz
Bus-free time (between stop/start conditions) tguF 4.7 — 1.3 — us
Hold time? tup:sta 4.0 — 0.6 — us
SCLO clock low-level width tLow 4.7 — 1.3 — us
SCLO clock high-level width tHiIGH 4.0 — 0.6 — us
Setup time for start/restart conditions tsu:sTa 4.7 — 0.6 — us
CBUS compatible master 5.0 — — — us
Data hold time tup:DAT
12C mode 0° | 3.45¢ | oNoeb | gg° Hs
Data setup time tsu-DAT 250 — 1009 — ns
STOP condition setup time tsu:sto 4.0 — 0.6 — us
Noise suppression © tsp ticLk' ns
Capacitive load of each bus line Cp — 400 — 400 pF
a. At the start condition, the first clock pulse is generated after the hold time
The system requires a minimum of 300ns hold time Internally for the SDA signal ( at V|ymin
of SCLO signal ) in order to occupy the undefined area at the falling edge of SCLO.
C. If the system does not extend the SCLO signal low hold time ( t,,,, ), only the maximum data
hold time ( typ.pat ) Needs to be satisfied.
d. The fast-speed-mode IIC bus can be used In a hormal-mode IIC bus system.
In this case, set the fast-speed-mode IIC bus so that It meets the following conditions:
- If the system does not extend the SCLOnN signal’s low state hold time: tSU:DAT>/=250ns
- If the system extends the SCLOn signal’s low state hold time:
Transmit the following data bit to the SDAO line prior to releasing the SCLO line
(trmax-Ttsu:paT=1000+250=1250ns: Normal mode IIC bus specification ).
e. Noise suppression is only available in Fast-speed mode.

54

t)cLk is the period of the IICLK supplied by the clock controller.
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Figure 7-8: 1°C Timing

SCLO

SDAO

Remarks: 1. P: Stop condition
2. S: Start condition
3. Sr: Restart condition

4. Rise and Fall time depend on the actual load of the signal and the selected output cur-
rent limit. For a capacitive load the time can be roughly calculated from:

(tr = Von / lon * Cp),
(t= =Von/loL * C)
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8.1 A/D Converter

Tp = -40 ~ +85°C,

BVpps=3.0V~55YV,

AVpp =32V ~55V,SMVpps=3.2V~55YV,

Vpps =3.2V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVss5 = SMVggs = AVgs =0V

8 channel input P70..P77.

Table 8-1: A/D Converter Characteristics

Parameter Symbol Test Conditions Min Typ Max Unit
Resolution - 10 Bit
Reference voltage AVREF AVgg AVpp \

AVgs < AIN < AVpgp,
- S = TURER +-35 LSB
4.5V < (AVggr = AVpp) < 5.5V
Overall error @ AVss < AIN < AVRer
- 35V = AVREF, +/- 10 LSB
4.0V < AVpp < 5.5V
Additional error due to
disturbance by digital DRERR 1 LSB
read of P70..P77 °
Conversion time © Tconv 3.88 15.50 us
Analog input voltage ViaN AVgg AVpp \Y
Analogue supply current lavDD 10 mA
Analog input equivalent
o ) Rina 0.3 2.55 kQ
b
circuit resistance
Analog input equivalent
. .g P . q Cina 4.0 8.0 pF
b
circuit capacitance
Analogue supply current lavDD 10 mA
Reference voltage supply
d lavREF 250 HA
current
a. Quantization error of £0.5 LSB is not included
This value is not tested during production.
C. Tcony depends on register setting
d. The reference current is mainly a transient current that is influenced by the conversion time.

The given value is the maximum value. Value is not tested during production.
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8.2 Power On Clear

T, = -40 ~ +85°C,
VDD5 =0~55 V,

VSS =0V
Table 8-2: Power On Clear Characteristics
Parameter Symbol | Test Conditions Min Typ Max Unit
Threshold Voltage Vip 3.2 3.35 3.5 \Y
o Vbps slope >
a T 2 S

Detection time DETP 25mVius ¥

a. Not tested in production.

Note: The POC ensures that the devices stops operation (RESET condition) when the device is out-
side the operation voltage range, under the condition that the supply voltage slope on Vppg is <

25mV/ps.

Note: Full device operation is only available, when the supply voltage is above the maximum thresh-
old voltage. The device may stop operation due to reset condition generated by POC, if the sup-
ply voltage dropps below the given max threshold voltage.
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9.1 Basic Characteristics

Tp =-40 ~ +85°C,
BVDD5 =3.0V-~55 V,

AVDD =3.2V~55 V, SMVDDS =3.2V-~55 V,
Vpps = 3.2V ~ 5.5V, (see “Power On Clear” on page 57 for further functional restriction),

Vss5 = BVgg5 = SMVggs = AVgg =0 V

Table 9-1: Memory Operation Characteristics
Parameter Symbol Device Min Typ Max Unit
. PD70F3416(A)
f H
Operation Frequency CPU LUPD70F3417(A) 0.032 24 MHz

The above maximum operation frequency specification lists the center frequency of the SSCG. The

maximum dithering range of the SSCG is assured for this center frequency.
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Chapter 9 Memory Characteristics

9.2 Flash Memory

Ty = -40 ~ +85°C,
BVpps=3.0V~5.5V,

Characteristics

AVpp =32V ~55V,SMVpps =32V ~55V,
Vpps =4.5V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVgss5 = SMVggs = AVgs =0V

Note: All values given in tables below are valid for a CPU frequency of 24MHz.

Table 9-2: Flash Memory Programming Characteristics
Parameter Symbol | Test Conditions Min Typ Max Unit
Number of Rewrites CwrT 1000 times
Data retention {RET 15 years
t One memoy 520 630 s
IVBLAk block (4k) H
Blank Check Time? p~
memory
t
IVBL128k blocks (128K) 9.12 10.94 ms
One memoy
t
IERT4k block (4K) 26.18 523.6 ms
Erase Time
32 memory
t
IERT128k blocks (128Kk) 34.87 697.40 ms
twrrak | Write two words® 300 900 us
Write Time One memoy
tiwrt12sk | block (4k) @ 256 42.79 354.24 ms
bytes
Erase/Write Current © IpDFL 1 3 mA
-40 +65 °C
Programming Temperature tpre maximum power
L d -40 +85 °C
dissipation 0.6W

oo

speed.

Blank check of one memory block (4 kB).

Write of 2 words. The corresponding library call is configured for 2 word per call.
Additional current that is only needed during erase or write of flash.
The power dissipation may be reduced by disabling some functionality or reducing the CPU operation
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Chapter 9 Memory Characteristics

9.3 Special Conditions for End-of-Line Programming

Ta = +15 ~ +40°C,

BVpps=3.0V~55V,

AVpp =32V ~55V,SMVpps=3.2V~55V,

Vpps =4.8V ~5.15V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss = SMVgg5 = AVgs =0 V

(1) Flash Memory End-of-Line Programming Characteristics "uPD70F3417(A), uPD70F3416(A)"
Table 9-3: Flash Memory End-of-Line Programming Characteristics (PG-FP4: CSI)

Parameter Symbol Device Test Conditions Min Typ Max Unit
UPD70F3417 20 40 ms
Blank Check tiveL
HPD70F3416 12 20 ms
nWPD70F3417 0.1 0.3 S
Erase Time & | YwrT
HPD70F3416 0.1 0.3 S
WIE cycles <5
nPD70F3417 10 18 S
Write Time ® | terT
HPD70F3416 6 10 S
HWPD70F3417 8 10 S
Verify Time tvrT
HPD70F3416 4 5 S

a. Erase of all flash-memory blocks (0 .. 63)
b. Write of complete flash area.

All parameters were determined at: SIO @ 2.5MHz (max. comm. speed).

Table 9-4: Flash Memory End-of-Line Programming Characteristics (PG-FP4: UART)

Parameter Symbol Device Test Conditions Min Typ Max Unit
uPD70F3417 20 40 ms
Blank Check tiveL
pPD70F3416 12 20 ms
pPD70F3417 0.1 0.3 S
Erase Time 2 | Ywrt
UPD70F3416 WI/E cycles <5 0.1 0.3 s
pPD70F3417 21 30 s
Write Time ® | tierT
pPD70F3416 11 16 s
pPD70F3417 20 25 s
Verify Time tvrT
uPD70F3416 10 12 s

a. Erase of all flash-memory blocks (0 .. 63)
b. Write of complete flash area.

All parameters were determined at: UART @ 153600baud.
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Chapter 9 Memory Characteristics

Table 9-5: Flash Memory End-of-Line Programming Characteristics (Flash-Selfprogramming)

Parameter Symbol | Test Conditions Min Typ Max Unit

Blank Check

t
One memory block (4k) IVBL4k 0.52 0.63 ms
Blank Check

t
32 memory blocks (128k) IVBL128k 9.12 10.94 ms
Erase Time

t
One memory block (4k) IERT4k 26.18 104.72 ms
Erase Time

YiERT128K 34.87 139.48 ms
32 memory blocks (128k) WIE cycles <5
Write Time . fepy = 24MHz 0.30 0.43 -
Write two words 2 IWRT ‘ '
Write Time: One memory block ¢ 42.79 112.00 s
(4k) @ 256 Bytes P IWRT4k : :
Verify Time:

t
One memory block (4k) IVRT4k 17.13 20.55 ms
Verify Time:

t
32 memory blocks (128k) IVRT128k 541.20 649.44 ms

a. The corresponding library call is configured for 2 words per call.
b. The corresponding library call uses a 256 Bytes (64 words) source buffer.
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9.4 Serial Write Operation Characteristics

Ty = -40 ~ +85°C,
BVpps=3.0V~55V,

AVpp =32V ~55V,SMVpps=3.2V~55V,
Vpps =4.5V ~5.5V, (see “Power On Clear” on page 57 for further functional restriction),
Vsss = BVsss = SMVgg5 = AVgs =0 V

Table 9-6: Flash Memory AC Characteristics

Parameter Symbol | Test Conditions Min Typ Max Unit
FLMDO setup time to rising edge of
RESET P 9 e twDSET 5 ms
Count start time from rising edge of
RESET to FLMDO 'RFCF 0.8 ms
Count execution time tcounT 15 20 ms
FLMDO counter High/Low level width | tch.icL 10 100 VS
FLMDO counter rise/fall time tRolE 50 ns
Note: FLMD1 is a shared pin function.
Figure 9-1: Flash Memory Timing
VDD - R
RESET - >
ov tCOUNT
tCH
VDD P o - -
FLMDO - o
oV tRFCF -
< —
tCL tF tR
VDD
FLMD1
oV \
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Chapter 10 Package

10.1 Package Drawing pPD70F3417(A)GC, uPD70F3416(A)GC

100-PIN PLASTIC LQFP (FINE PITCH) (14x14)

‘ HD
D detail of lead end
L1
C —
|
L\l
s S
6 j L
Lp
(UNIT:mm)
ITEM DIMENSIONS
D 14.00+0.20
E 14.00+0.20
HD 16.00+0.20
HE 16.00+0.20
A 1.60 MAX.
Al 0.10+0.05
A2 1.40+0.05
0.25
+0.07
b 0-20 2503
+0.075
c 0.12575-052
L 0.50
Lp 0.60+0.15
L1 1.00+0.20
o+ 5°
6 T3
le] 0.50
X 0.08
y 0.08
ZD 1.00
ZE 1.00

P100GC-50-UEU-1
Copper lead frame with NiPdAu plating.
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Chapter 11 Revision History

Item | Date published Document No. Comment
th

1 Egggmber 197, EASE-DS-0004-1VO0 | First release of this document
Update of whole document, added conditions for extended
operating temperature range, added injected current char-

th acteristics, added low voltage operation for CSIB, added

2| October 277, 2008 | U19509EE1VODSO00 supply current of flash devices, updated flash memory pro-
gramming characteristics, added package drawing, added
device uPD70F3416.
- UPD70F3416(A) was uPD70F3416
- UPD70F3417(A) was uPD70F3417
- Added TMO in Table 1-1
- Added Table 4-3 - Main OSC Characteristics example for
NDK LN-G8-1404
- Added “Main OSC, PLLx8" and “Main OSC, SSCG” in

3 | January 20 2010 | U19509EE1V1DSO0 | 1@Pte 5-2for FOUT

- Corrected values for “SCKBn high level width” and
“SCKBn low level width” in table 7-9 (CSIB Slave Mode AC
Characteristics with Digital Filter )

- Corrected prefix of min. “SIBn hold time ( from SCKBn )" in
table 7-11 (CSIB Master Mode AC Characteristics with Dig-
ital Filter - Low Voltage Operation)

- Corrected Package code to “GC” (whole document)
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