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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

F2MC-8FX

8-Bit

16MHz

I2C, LINbus, SIO, UART/USART
LVD, POR, PWM, WDT
45

36KB (36K x 8)
FLASH

1008 x 8

2.4V ~ 5.5V

A/D 12x8/10b
External

-40°C ~ 85°C (TA)
Surface Mount
48-LQFP

48-LQFP (7x7)
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3. Differences Among Products and Notes on Product Selection

m Current consumption
When using the on-chip debug function, take account of the current consumption of flash erase/write.
For details of current consumption, see “Electrical Characteristics”.

m Package
For details of information on each package, see “Packages and Corresponding Products” and “Package Dimension”.

m Operating voltage
The operating voltage varies, depending on whether the on-chip debug function is used or not.
For details of the operating voltage, see “Electrical Characteristics”.

m On-chip debug function

The on-chip debug function requires that V¢, Vgg and one serial wire be connected to an evaluation tool. For details of the connection
method, refer to “CHAPTER 29 EXAMPLE OF SERIAL PROGRAMMING CONNECTION” in the hardware manual of the MB95390H
Series.
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*: High-current pin (8 mA/12 mA)
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5. Pin Functions

Pin no. Pi o
name | circuit Function
LQFP48*! | QFN48*2 | LQFP52*3 type*4
PG2 General-purpose I/O port
1 1 1 X1A c Subclock 1/O oscillation pin
SNI2 Trigger input pin for the position detection function of the MPG
waveform sequencer
PG1 General-purpose I/O port
2 2 2 X0A c Subclock input oscillation pin
SNI1 Trigger input pin for the position detection function of the MPG
waveform sequencer
3 3 3 Vee — Power supply pin
4 4 4 C — Capacitor connection pin
P40 General-purpose /O port
5 5 5 K
ANO8 A/D converter analog input pin
P41 General-purpose /O port
6 6 6 K
ANO09 A/D converter analog input pin
— — 7 NC — It is an internally connected pin. Always leave it unconnected.
P42 General-purpose 1/O port
7 7 8 K
AN10 A/D converter analog input pin
P43 General-purpose 1/O port
8 8 9 K
AN11 A/D converter analog input pin
P44 General-purpose 1/O port
9 9 10 G
TO1 16-bit reload timer ch. 0 output pin
P45 General-purpose 1/O port
10 10 11 G
SCK LIN-UART clock I/O pin
P46 General-purpose 1/O port
11 11 12 G
SOT LIN-UART data output pin
P47 General-purpose 1/O port
12 12 13 J
SIN LIN-UART data input pin
P10 General-purpose 1/O port
13 13 14 G
PPG10 8/16-bit PPG ch. 1 output pin
P11 General-purpose 1/O port
14 14 15 G
PPG11 8/16-bit PPG ch. 1 output pin
P12 General-purpose 1/O port
15 15 16 H
DBG DBG input pin
P13 General-purpose 1/O port
16 16 17 G
PPGO00 8/16-bit PPG ch. 0 output pin

(Continued)
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Pin no. Pin o
name | cireuit Function
LQFP48*! | QFN48*2 | LQFP52*3 type*4
P14 General-purpose I/O port
17 17 18 G
PPGO1 8/16-bit PPG ch. 0 output pin
P15 General-purpose I/O port
18 18 19 G
PPG20 8/16-bit PPG ch. 2 output pin
— — 20 NC — It is an internally connected pin. Always leave it unconnected.
P16 General-purpose 1/O port
19 19 21 G
PPG21 8/16-bit PPG ch. 2 output pin
P17 General-purpose 1/O port
20 20 22 SNIO G Trigger input pin for the position detection function of the MPG
waveform sequencer
P70 General-purpose I/O port
21 21 23 G
TOO00 8/16-bit composite timer ch. 0 output pin
P71 General-purpose I/O port
22 22 24 G
TOO01 8/16-bit composite timer ch. 0 output pin
P72 General-purpose I/O port
23 23 25 |
ScL I2C clock 1/O pin
P73 General-purpose I/O port
24 24 26 |
SDA I2C data I/O pin
P74 General-purpose I/O port
25 25 27 G
ECO 8/16-bit composite timer ch. 0 clock input pin
P75 General-purpose I/O port
26 26 28 G
UCKO UART/SIO ch. 0 clock I/O pin
P76 General-purpose I/O port
27 27 29 G
uoo UART/SIO ch. 0 data output pin
P77 General-purpose I/O port
28 28 30 J
ulo UART/SIO ch. 0 data input pin
P60 General-purpose I/O port
29 29 31 G
DTTI MPG waveform sequencer input pin
P61 General-purpose I/O port
30 30 32 G
TH 16-bit reload timer ch. 0 input pin
— — 33 NC — It is an internally connected pin. Always leave it unconnected.
General-purpose 1/O port
P62 . .
High-current pin
31 31 34 OPTO D MPG waveform sequencer output pin
PPG00 8/16-bit PPG ch. 0 output pin
TO10 8/16-bit composite timer ch. 1 output pin

(Continued)
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11. CPU Core

m Memory Space

MB95390H Series

The memory space of the MB95390H Series is 64 Kbyte in size, and consists of an 1/O area, a data area, and a program area. The
memory space includes areas intended for specific purposes such as general-purpose registers and a vector table. The memory maps

of the MB95390H Series are shown below.

m Memory Maps

0000+

0080w
0090+
0100w

0200H
0280+

OF 80w

10004
2000+

BFFFx

FFFFy

MB95F394H/F394K

110

Access prohibited

RAM 496 bytes

Registers

Access prohibited

Extended 1/O

Flash 4 Kbyte

Vacant

Flash 16 Kbyte

0000+

0080+
0090+
01004

0200+

0480+

OF80H

1000+
20001

7FFFu

FFFFu

MB95F396H/F396K

/0

Access prohibited

RAM 1008 bytes

Registers

Access prohibited

Extended I/0

Flash 4 Kbyte

Vacant

Flash 32 Kbyte

0000+

0080+
0090+
0100+

0200+

0880+
OF80m

1000+

FFFFy

MB95F398H/F398K

I/10

Access prohibited

RAM 2032 bytes

Registers

Access prohibited

Extended 1/O

Flash 60 Kbyte
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Address ab%?g\i/?;?iron Register name R/W | Initial value

OFACH

to — (Disabled) — —
OFAFH
OFBOy PDCRH1 16-bit PPG down counter register (upper) R 00000000
OFB1y4 PDCRL1 16-bit PPG down counter register (lower) R 000000005
OFB24 PCSRH1 16-bit PPG cycle setting buffer register (upper) R/W 11111111
OFB3y PCSRL1 16-bit PPG cycle setting buffer register (lower) R/W 11111111
OFB4y PDUTH1 16-bit PPG duty setting buffer register (upper) R/W 11111111
OFB54 PDUTLA1 16-bit PPG duty setting buffer register (lower) R/W 11111111
OFB6y

to — (Disabled) — —
OFBBy
OFBCH BGR1 LIN-UART baud rate generator register 1 R/W 00000000g
OFBDy BGRO LIN-UART baud rate generator register 0 R/W 00000000g
OFBEy PSSR0 UART/SIO prescaler select register R/W 000000005
OFBFy BRSRO UART/SIO baud rate setting register R/W 00000000g
%FF%?:. — (Disabled) — —
OFC2y AIDRH A/D input disable register (upper) R/W 00000000
OFC3y AIDRL A/D input disable register (lower) R/W 000000005
OFC4y OPDBRHO Output data buffer register (upper) ch. 0 R/W 00000000g
OFCby OPDBRLO Output data buffer register (lower) ch. 0 R/W 00000000
OFCé6y OPDBRH1 Output data buffer register (upper) ch. 1 R/W 000000005
OFC7y OPDBRL1 Output data buffer register (lower) ch. 1 R/W 00000000g
OFC8y OPDBRH2 Output data buffer register (upper) ch. 2 R/W 00000000
OFC9y OPDBRL2 Output data buffer register (lower) ch. 2 R/W 000000005
OFCA4 OPDBRH3 Output data buffer register (upper) ch. 3 R/W 00000000g
OFCBH{ OPDBRL3 Output data buffer register (lower) ch. 3 R/W 00000000
OFCCh OPDBRH4 Output data buffer register (upper) ch. 4 R/W 000000005
OFCDy OPDBRL4 Output data buffer register (lower) ch. 4 R/W 00000000g
OFCEH OPDBRH5 Output data buffer register (upper) ch. 5 R/W 00000000
OFCFy OPDBRL5 Output data buffer register (lower) ch. 5 R/W 000000005
OFDOy OPDBRH6 Output data buffer register (upper) ch. 6 R/W 00000000g
OFD1y OPDBRL6 Output data buffer register (lower) ch. 6 R/W 00000000
OFD2y OPDBRH7 Output data buffer register (upper) ch. 7 R/W 000000005
OFD3y OPDBRL7 Output data buffer register (lower) ch. 7 R/W 00000000g
OFD4y OPDBRH8 Output data buffer register (upper) ch. 8 R/W 00000000
OFD5y OPDBRLS8 Output data buffer register (lower) ch. 8 R/W 000000005
OFD6y OPDBRH9 Output data buffer register (upper) ch. 9 R/W 00000000g
OFD7y OPDBRL9 Output data buffer register (lower) ch. 9 R/W 00000000
OFD8y OPDBRHA Output data buffer register (upper) ch. A R/W 000000005
OFD9y OPDBRLA Output data buffer register (lower) ch. A R/W 00000000g

(Continued)
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14. Electrical Characteristics

14.1 Absolute Maximum Ratings

Rating .
Parameter Symbol : Unit Remarks
Min Max
Power supply voltage*! Vee Vgs - 0.3 Vgs +6 \Y
Input voltage*' \ Vgs - 0.3 Vgs + 6 Vo2
Output voltage*! Vo Vgs - 0.3 Vgs + 6 \ *2
Maximum clamp current leLavp -2 +2 mA | Applicable to specific pins*3
Total maximum clamp current EllcLamvel — 20 mA | Applicable to specific pins™®
“L” level maximum output loL1 — 15 A Other than P62 to P67
current loL2 — 15 P62 to P67
Other than P62 to P67
| . 4 Average output current =
OLAV1 operating current x operating ratio
(1 pin)
“L” level average current mA
P62 to P67
| . 12 Average output current =
OLAV2 operating current x operating ratio
(1 pin)
L” level total maximum output Sloy o 100 mA

current

Total average output current =

L" level total average output Zlopav — 50 mA | operating current x operating ratio

current (Total number of pins)
Other than P12, P62 to P67, P72, P73 and

“H” level maximum output lon1 — -15 PF2

mA
current
lon2 — -15 P12, P62 to P67, P72, P73 and PF2
Other than P12, P62 to P67, P72, P73 and
PF2
lonav1 — -4 Average output current =

operating current x operating ratio

“H” level average current mA | (1pin)

P12, P62 to P67, P72, P73 and PF2
Average output current =

operating current x operating ratio
(1 pin)

loHAV2 — -8

“H” level total maximum output

current o - 100 mA

Total average output current =

H" level total average output ZloHAv — -50 mA | operating current x operating ratio

current (Total number of pins)
Power consumption Pd — 320 mwW
Operating temperature Ta -40 +85 °C
Storage temperature Tstg -55 +150 °C

(Continued)
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(Continued)
*1: The parameter is based on Vgg = 0.0 V.

*2: V| and Vg must not exceed V¢ + 0.3 V. V; must not exceed the rated voltage. However, if the maximum current to/from an input
is limited by means of an external component, the Ic amp rating is used instead of the V| rating.

*3: Applicable to the following pins: P00 to P07, P10, P11, P13 to P17, P40 to P47, P60 to P67, P70, P71, P74 to P77, PFO, PF1,

PG1 and PG2

» Use under recommended operating conditions.

» Use with DC voltage (current).

» The HV (High Voltage) signal is an input signal exceeding the V¢ voltage. Always connect a limiting resistor between the HV
(High Voltage) signal and the microcontroller before applying the HV (High Voltage) signal.

» The value of the limiting resistor should be set to a value at which the current to be input to the microcontroller pin when the HV
(High Voltage) signal is input is below the standard value, irrespective of whether the current is transient current or stationary
current.

* When the microcontroller drive current is low, such as in low power consumption modes, the HV (High Voltage) input potential
may pass through the protective diode to increase the potential of the V¢ pin, affecting other devices.

« If the HV (High Voltage) signal is input when the microcontroller power supply is off (not fixed at 0 V), since power is supplied
from the pins, incomplete operations may be executed.

« If the HV (High Voltage) input is input after power-on, since power is supplied from the pins, the voltage of power supply may
not be sufficient to enable a power-on reset.

» Do not leave the HV (High Voltage) input pin unconnected.

* Example of a recommended circuit

* Input/Output equivalent circuit
Protective diode

=15

P-ch
. ) resistor =
HV(High Voltage) input (0 V to 16 V) —f\/\/v—[_,
E N-ch
R

WARNING:  Semiconductor devices can be permanently damaged by application of stress (voltage, current, temperature, etc.) in
excess of absolute maximum ratings. Do not exceed these ratings.
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14.3 DC Characteristics
(Ve = 5.0 VE10%, Vgg = 0.0 V, Ty = —40°C to +85°C)

Value
Parameter | Symbol Pin name Condition : " Unit Remarks
Min  |Typ@| Max
When CMOS input level
Vini P47, P72, P73, P77 *1 0.7 Ve — | Vec+0.3 | V  |(hysteresis input) is
selected
P00 to P07,
"H" level input P10 to P17,
voltage P40 to P47, . L
Vius P60 to P67, 1 0.8 Ve — | Vgc+0.3 | V |Hysteresis input
P70 to P77, PFO,
PF1, PG1, PG2
Vium  |PF2 — 0.7 Ve — | Vg +0.3 V  |Hysteresis input
When CMOS input level
Vi P47, P72, P73, P77 *1 Vgs—-03 | — 0.3 Ve V  |(hysteresis input) is
selected
P00 to P07,
“L” level input P10 to P17,
voltage P40 to P47, . L
ViLs P60 to P67, 1 Vgs - 0.3 — 0.2 Ve V  |Hysteresis input
P70 to P77, PFO,
PF1, PG1, PG2
Vim  |PF2 — Vgs—-03 | — 0.3 Ve V  |Hysteresis input
Open-drain
output
application Vp P12, P72, P73, PF2 — Vgg—03 | — | Vgg+5.5 \%
voltage
Output pins other
“H” level OUtpUt VOH1 than P12, P62 to IOH =-4 mA VCC -0.5 —_— — V
voltage P67, P72, P73, PF2
VOH2 P62 to P67 IOH =-8mA VCC -0.5 —_— — V
Output pins other
“L” level output | VorL1 [than loL =4 mA — — 0.4 \
voltage P62 to P67
Voo |P62 to P67 loL =12 mA — — 0.4 \%
Input leak
current (Hi-Z . . _ . When pull-up resistance
output leak I All input pins 0.0V <V,<Vce 5 +5 HA is disabled
current)
P00 to P07, P10,
P11,
P13 to P17,
Pull-up P40 to P47, P60, _ When pull-up resistance
resistance RpuLL P61, Vi=0V 25 50 100 KQ s enabled
P70, P71,
P74 to P76, PG1,
PG2
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(VCC =50 Vi10°/o, VSS =0.0 V, TA =-40°C to +85°C)

Value

Parameter | Symbol Pin name Condition : " Unit Remarks
Min  |Typ3| Max

Input
capacitance

Other than V¢ and

f=1MHz — 5 15 pF
Vss

Except during Flash
Vec =55V — 14.8 17 mA [memory writing and
Fch =32 MHz erasing

ICC FMP =16 MHz
Main clock mode — 33.5 39.5 mA
(divided by 2)

During Flash memory
writing and erasing

— 16.6 21 mA |At A/D conversion

VCC =55V
FCH =32 MHz
lecs Fmp = 16 MHz — 7 9 mA
Main sleep mode
(divided by 2)

VCC =55V
VCC FCL =32 kHz
(External clock FmpL = 16 kHz

operation) Subclock mode 60 153 HA
(divided by 2)
Tp = +25°C

lccL

Power sgpply \F/CC =352.5k\|_/|
current* cL= z
FMPL =16 kHz .
locLs Subsleep mode 9.4 84 KA
(divided by 2)
Tp =+25°C
VCC =55V
FCL =32 kHz
leeT Watch mode — 4.3 30 pA
Main stop mode
Tp =+25°C

VCC =55V
FCRH =12.5 MHz
lccmer Fup = 12.5 MHz — 11.8 13.2 mA
Main CR clock
mode

VCC =55V

| Sub-CR clock mode
CCSCR (divided by 2)

Ta =+25°C

— 113 410 MA

(Continued)
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14.4.2 Source Clock/Machine Clock

(Voo = 5.0 V£10%, Vg = 0.0 V, Tp = —40°C to +85°C)

Pin Value .
Parameter Symbol | - e T T v Unit Remarks
in yp ax
When the main external clock is used
61.5 — 2000 ns | Min: Fcy = 32.5 MHz, divided by 2
Max: Foy = 1 MHz, divided by 2
When the main CR clock is used
Source clock 80 — 1000 ns | Min: Fcry = 12.5 MHz
cycle time*' tscLk - Max: Fory = 1 MHz
. 61 . s When the sub-oscillation clock is used
HS | oL = 32.768 kHz, divided by 2
. 20 . s When the sub-CR clock is used
H Fcre = 100 kHz, divided by 2
. 0.5 — 16.25 MHz | When the main oscillation clock is used
s ook sP 1 — 12.5 MHz | When the main CR clock is used
ource cloc
frequency - — 16.384 — kHz | When the sub-oscillation clock is used
FspL When the sub-CR clock is used
— 50 — kHz .
FcrL = 100 kHz, divided by 2
When the main oscillation clock is used
61.5 — 32000 ns | Min: Fgp = 16.25 MHz, no division
Max: Fgp = 0.5 MHz, divided by 16
) When the main CR clock is used
Machine clock 80 — 16000 | ns |Min: Fsp = 12.5 MHz
FVC'S time Max: Fgp = 1 MHz, divided by 16
minimum t —
instruction MCLK When the sub-oscillation clock is used
execution time) 61 — 976.5 ps | Min: Fgp = 16.384 kHz, no division
Max: Fgp, = 16.384 kHz, divided by 16
When the sub-CR clock is used
20 — 320 pus | Min: Fgp = 50 kHz, no division
Max: Fgp, = 50 kHz, divided by 16
F 0.031 — 16.25 MHz | When the main oscillation clock is used
Machine dlock MP 0.0625 _ 125 | MHz | When the main CR clock is used
achine cloc
frequency — 1.024 — 16.384 kHz | When the sub-oscillation clock is used
FmpL When the sub-CR clock is used
3.125 — 50 kHz Fory = 100 kHz

*1: This is the clock before it is divided according to the division ratio set by the machine clock divide ratio select bits (SYCC:DIV1,
DIVO0). This source clock is divided to become a machine clock according to the divide ratio set by the machine clock divide ratio
select bits (SYCC:DIV1, DIVO0). In addition, a source clock can be selected from the following.

» Main clock divided by 2

* Main CR clock

* Subclock divided by 2

* Sub-CR clock divided by 2

*2: This is the operating clock of the microcontroller. A machine clock can be selected from the following.

» Source clock (no division)
* Source clock divided by 4
* Source clock divided by 8
» Source clock divided by 16
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Sampling is executed at the rising edge of the sampling clock*!, and serial clock delay is enabled*2.
(ESCR register: SCES bit = 0, ECCR register: SCDE bit = 1)

(Vee =5.0 VE10%, Vg = 0.0 V, Tp = —40°C to +85°C)

. . Value .
Parameter Symbol | Pin name Condition : Unit
Min Max
Serial clock cycle time tscyc | SCK 5 tyoLk™ — ns
SCK T — SOT delay time tsHovi | SCK, SOT Internal clock -95 +95 ns
Valid SIN - SCK tivsLi SCK, SIN operation output pin: tmoLk™S + 190 — ns
; . C_=80pF+1TTL
SCK { — valid SIN hold time tsuxi | SCK, SIN 0 — ns
SOT —» SCK ~L delay time tsovu SCK, SOT — 4 tMCLK*s ns

*1: There is a function used to choose whether the sampling of reception data is performed at a rising edge or a falling edge of the

serial clock.

*2: The serial clock delay function is a function that delays the output signal of the serial clock for half clock.

*3: See “Source Clock/Machine Clock” for tyc k-

< tseve »
24V
SCK
0.8V 0.8V
tstow
tsovu ———»
24V 2.4V
SoT >§
0.8V 0.8V
tvsy ——Pt————tsuxi
SIN 0.8 Ve 0.8 Vec
0.2 Vee 0.2 Ve
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(VCC = 5.0 V+10%, AVSS = VSS =0.0V, TA =-40°C to +85°C)
- i Value*?
Parameter Sggl‘ ng::e Condition Unit Remarks
Min Max
\?vicélt'thCk L ttow |SCL (2 + nm/2)tycLk — 20 — ns |Master mode
\?Vicélt'thCk H thicn |SCL (nm/2)tpek — 20 (nm/2)tpek + 20 ns |Master mode
Master mode
Maximum value is
” applied when m, n =
START condition SCL,
hold time tHD;STA SDA (—1 + nm/2)tMC|_K - 20 (—1 + nm)tMCLK +20 ns 1, 8.
Otherwise, the mini-
mum value is ap-
plied.
E;S:ti"r:gd'“on tsu:sTO gg;‘ (1 +nm2tyek—20 | (1+nm2)tyec+20 | ns |Master mode
f;ﬁs:;rﬁce)ndltlon tSU;STA 28}&’ (1 + nm/2)tMC|_K - 20 (1 + nm/2)tMC|_K +20 ns Master mode
Bus free time
between STOP SCL,
condition and BUF |SDA  [R=17kQ, (2nm + 4Lk — 20 - ns
START condition C =50 pF*!
. SCL,
Data hold time tHD:DAT SDA 3tmek — 20 — ns |Master mode
Master mode
When assuming that
“L” of SCL is not
extended, the
. SCL, minimum value is
Data setup time | tgy.pat SDA (-2 + nm/2)tycLk — 20 (=1 + nm/2)tycLk + 20 ns applied to first bit of
continuous data.
Otherwise, the maxi-
mum value is ap-
plied.
Minimum value is
Setup time be- applied to interrupt at
tween clearing 9th SCLY. Maximum
interrupt and tsuant | SCL (nm/2)tmeLk - 20 (1+nm/2)tyeik + 20 NS |valueis applied tothe
SCL rising interrupt at the 8th
SCLJ.
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(Continued)
(VCC =5.0 V+10%, AVSS = VSS =0.0V, TA =-40°C to +85°C)
- i Value*2
Parameter Sg gl' n';:.:: 5 Condition Unit Remarks
Min Max
SCL clock “L” width ttow |SCL 4 tvewk — 20 — ns |Atreception
SCL clock “H” width tyien |SCL 4 tyek — 20 — ns |At reception
START condition t SCL, 2t ~20 . ns Not detected when 1
detection HDSTA | SDA MCLK tmoLk is used at reception
STOP condition t SCL, 2t ~20 . ns Not detected when 1
detection SUSTO | SpA MCLK tmcLk is used at reception
RESTART condition ¢ SCL, 2t ~20 . ns Not detected when 1
detection condition SUSTA |SDA MCLK tmoLk is used at reception
. SCL, .
Bus free time tBUF SDA 2 tyewk — 20 — ns |At reception
R=1.7kQ
. SCL, _ o At slave transmission
Data hold time tHD;DAT SDA C=50 pF 2 tMCLK -20 — ns mode
. SCL, tLow — 3 tmelk — At slave transmission
Data setup time tsu.DAT SDA 20 — ns | ode
Data hold time tHD:DAT 28; 0 — ns |Atreception
. SCL, .
Data setup time tsu.DAT SDA tmek — 20 — ns |At reception
Oscillation
SDA! — SCLT i SCL, stabilization wait . ns
(at wakeup function) WAKEUP| gpA time
+2 tMCLK -20

*1: R represents the pull-up resistor of the SCL and SDA lines, and C the load capacitor of the SCL and SDA lines.

*2: « See “Source Clock/Machine Clock” for tycy k-

« m represents the CS4 bit and CS3 bit (bit4 and bit3) in the 12C clock control register (ICCRO).

* n represents the CS2 bit to CSO0 bit (bit2 to bit0) in the 12C clock control register (ICCRO).

« The actual timing of I°C is determined by the values of m and n set by the machine clock (tyc k) and the CS4 to CSO bits in the
ICCRO register.

» Standard-mode:
m and n can be set to values in the following range: 0.9 MHz < ty;c k (machine clock) < 10 MHz.
The usable frequencies of the machine clock are determined by the settings of m and n as shown below.

(m,n)=(1, 8) :0.9 MHz <ty k £ 1 MHz
(m, n) =(1, 22), (5, 4), (6, 4), (7, 4), (8,4) :0.9 MHz < tyyc k £2 MHz
(m, n)=(1, 38), (5, 8), (6, 8), (7, 8), (8, 8) :0.9 MHz < tyyc k £ 4 MHz
(m, n) =(1, 98) :0.9 MHz < tyc k < 10 MHz

* Fast-mode:
m and n can be set to values in the following range: 3.3 MHz < ty;c k (machine clock) < 10 MHz.
The usable frequencies of the machine clock are determined by the settings of m and n as shown below.

(m,n)=(1, 8) : 3.3 MHz < tyg x < 4 MHz
(m, n) = (1, 22), (5, 4) : 3.3 MHz <ty k < 8 MHz
(m, n) = (6, 4) : 3.3 MHz < tyg k < 10 MHz
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14.5 A/D Converter

MB95390H Series

14.5.1 A/D Converter Electrical Characteristics

(Vec=4.0V1t05.5V,Vgg=0.0V, Tp =-40°C to +85°C)

Value .
Parameter Symbol - Unit
Min Typ Max
Resolution — — 10 bit
Total error -3 — +3 LSB
Linearity error -2.5 — +2.5 LSB
Differential linear error -1.9 — +1.9 LSB
Zero transition voltage Vor Vgs—1.5LSB Vgs +0.5LSB Vgs +2.5LSB \
Full-scale transition
voltage VEsT Ve —4.5LSB Ve —2LSB Vee +0.5LSB \Y
0.9 — 16500 pus |45V <V <55V
Compare time —
1.8 — 16500 us |4.0V<Vgc<45V
4.5V <Vec <55V, with
0.6 — o0 us | external impedance < 5.4
kQ
Sampling time —
4.0V <Vee <4.5V, with
1.2 — © ps | external impedance < 2.4
kQ
Analog input current FNIN -0.3 — +0.3 pA
Analog input voltage VaIN Vss — Vee \
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MB95390H Series

14.5.3 Definitions of A/D Converter Terms

m Resolution
It indicates the level of analog variation that can be distinguished by the A/D converter.
When the number of bits is 10, analog voltage can be divided into 210 =1024.

m Linearity error (unit: LSB)
It indicates how much an actual conversion value deviates from the straight line connecting
the zero transition point (“00 0000 0000” «— — “00 0000 0001”) of a device to
the full-scale transition point (“11 1111 1111” <~ — “11 1111 1110”) of the same device.

m Differential linear error (unit: LSB)
It indicates how much the input voltage required to change the output code by 1 LSB deviates from an ideal value.

m Total error (unit: LSB)

It indicates the difference between an actual value and a theoretical value. The error can be caused by a zero transition error, a
full-scale transition errors, a linearity error, a quantum error, or noise.

Document Number: 002-07573 Rev. *B

Ideal I/O characteristics Total error
3FFH + VFsT 3FFH
3FEH + 3FEH + Actual conversion
characteristic =~ ——*
3FDH + 2LsB 3FDH + o — g
- - {1 LSB x (N-1) + 0.5 LSB};
=} 3 H H
2 2 Ao
5 Sy = =
o o
g s
8 004H y 5 004+ i ; y
003+ + ot 003H + NT
i«— Actual conversion
0021 1LSB 002H = characteristic
i— |deal characteristic
001H 001H T =
0.5LSB
Vss Analog input Vce Vss Analog input Vce
- VNT - {1 LSB x (N - 1) + 0.5 LSB
i LsB = Veo - Vss W) Total error of _ { ( ) } (LSB]
1024 digital output N 1 LSB
N : A/D converter digital output value
VNT : Voltage at which the digital output transits from (N - 1)H to NH
(Continued)
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lcch — Vee
TA = +25°C, FMPL = (StOp)
Substop mode with the external clock stopping

45 9

40 / 8

35 / 7 \
f \

3.0 6

/

Ta=425°C, Fyp =1, 8, 10, 12.5 MHz (no division)
Main clock mode with the main CR clock operating

Tp =+25°C, Fypy = 50 kHz (divided by 2)

Subclock mode with the sub-CR clock operating

lccH—Ta
VCC =55V, FMPL = (StOp)
Substop mode with the external clock stopping

RN

g ) \
£ 20 / ! AN ——

15 A / 3

1.0 /4/ 2

05 1

0.0 0

2 3 4 5 6 7 50 0 +50 +100 +150
Vee[V] Ta[°C]
lcemer — Vee lccmer — Ta

Vec =55V, Fyp =1, 8, 10, 12.5 MHz (no division)
Main clock mode with the main CR clock operating

20 20
15 15
g v Fup = 12.5 MHz £ Fup = 12.5 MHz
Z 10 - T 10
5 v Fup = 10 MHz g Fup = 10 MHz
—_ T _
J/ Fup = 8 MHz Fup = 8 MHz
5 5
Fue = 1 MHz Fwp = 1 MHz
0 L 0 L
2 3 4 5 6 7 -50 0 +50 +100 +150
VealV] TAI°C]
Iccser — Vee lccscr— Ta

Ve =5.5V, Fypy = 50 kHz (divided by 2)

Subclock mode with the sub-CR clock operating

140 140
120 ,/ 120
100 /‘/ 100
g 80 /\ g 80
] 8 60

o 60 74 L
40 40
20 20
o 0

5 a 4 5 6 - -50 0 +50 +100 +150
VoclV] TA°C]
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16. Mask Options

MB95390H Series

MB95F394H MB95F394K

Part Number MB95F396H MB95F396K

No. MB95F398H MB95F398K
Selectable/Fixed Fixed

1 Low-voltage detection reset

Without low-voltage detection reset

With low-voltage detection reset

2 Reset

With dedicated reset input

Without dedicated reset input
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17. Ordering Information

Part Number Package

MB95F394HPMC-G-SNE2
MB95F394KPMC-G-SNE2
MB95F396HPMC-G-SNE2 48-pin plastic LQFP
MB95F396KPMC-G-SNE2 (FPT-48P-M49)

MB95F398HPMC-G-SNE2
MB95F398KPMC-G-SNE2

MB95F394HPMC1-G-SNE2
MB95F394KPMC1-G-SNE2
MB95F396HPMC1-G-SNE2 52-pin plastic LQFP
MB95F396KPMC1-G-SNE2 (FPT-52P-M02)

MB95F398HPMC1-G-SNE2
MB95F398KPMC1-G-SNE2

MB95F394HWQN-G-SNE1
MB95F394HWQN-G-SNERE1
MB95F394KWQN-G-SNE1
MB95F394KWQN-G-SNERE1
MB95F396HWQN-G-SNE1
MB95F396HWQN-G-SNERE1 48-pin plastic QFN
MB95F396KWQN-G-SNE1 (LCC-48P-M11)
MB95F396KWQN-G-SNERE1
MB95F398HWQN-G-SNE1
MB95F398HWQN-G-SNERE1
MB95F398KWQN-G-SNE1
MB95F398KWQN-G-SNERE1
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Sales, Solutions, and Legal Information

Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find the office
closest to you, visit us at Cypress Locations.

Products

ARM® Cortex® Microcontrollers

Automotive

Clocks & Buffers
Interface

Internet of Things
Memory
Microcontrollers

PSoC

Power Management ICs
Touch Sensing

cypress.com/arm
cypress.com/automotive
cypress.com/clocks
cypress.com/interface
cypress.com/iot
cypress.com/memory
cypress.com/mcu
cypress.com/psoc
cypress.com/pmic
cypress.com/touch

PSoC® Solutions
PSoC 1| PSoC 3 | PSoC 4 | PSoC 5LP | PSoC 6

Cypress Developer Community

Forums | WICED IOT Forums | Projects | Video | Blogs | Training
| Components

Technical Support

cypress.com/support

USB Controllers
Wireless/RF

cypress.com/usb
cypress.com/wireless
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