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LC87F1M16A

EFull Duplex UART

e UART1
(1) Datalength : 7/8/9 bits selectable
(2) Stop hits : 1 bit (2 bitsin continuous transmission mode)
(3) Baudrate  : 16/3t08192/3tCYC

e SCUART

(1) Datalength : 7/8 hits selectable

(2) Stop hits : 1/2 bits selectable

(3) Parity bits  : None/even parity/odd parity
(4) Baudrate  :8/3t08192/3tCYC

(5) LSB first/MSB first mode delectable

(6) Smartcard interface function

BAD Converter: 12 hits x 20 channels
e 12-/8-hit resolution selectable AD converter

BPWM: Multifrequency 12-bit PWM x 2 channels
BUSB Interface (function controller)

(1) Compliant with USB 2.0 Full-Speed
(2) Supports amaximum of 6 user-defined endpoints.

Endpoint EPO EP1 EP2 EP3 EP4 EP5 EP6
Transfer | Control O
Type Bulk - ) ) ) ) ) )
Interrupt O o O O (@) (@)
Isochronous - O O O O O O
Max. payload 64 64 64 64 64 64 64

E\Watchdog Timer
e Internal counter watchdog timer

(1) Generates an internal reset on an overflow occurring in the timer running on the low-speed RC oscillator clock

(approx. 30kHz) or subclock.
(2) Operating mode at HALT/HOLD mode is selectable from 3 modes

(continue counting/suspend operation/suspend counting with the count value retained)

BWClock Output Function

(1) Can output aclock with aclock rate of 1/1, 1/2, 1/4, 1/8, 1/16, 1/32, or 1/64 of the source oscillator clock selected

as the system clock.
(2) Can output the source oscillation clock for the subclock.
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LC87F1M16A

BFlash ROM Programming Boards

Package Programming boards
SQFP48(7x7) WB87F55256SQ
B Flash Programmer
Maker Model Supported version Device
Flash Support Sinal AF9709/AF9709B/AF9709C
ingle
Group, Inc. g (Including Ando Electric Co., Ltd. Rev 03.32 or later 87F016JU
Programmer
(FSG) models)
Flash Support AF9101/AF9103(Main unit)
Group, Inc. (FSG models)
Onboard
(FSG) .
Single/Gang . (Note 2) LC87F1M16A
+ SIB87(Inter Face Driver)

Programmer

Our company (Our company model)

(Note 1)
Single/Gang SKK/SKK Type B o .
Application Version
Programmer (SanyoFWS)
1.06 or later
Our company Onboard i i LC87F1M16
. SKK-DBG Type C Chip Data Version
Single/Gang
(SanyoFWS) 2.31 or later

Programmer

For information about AF-Series:

Flash Support Group, Inc.
TEL: +81-53-459-1050

E-mail: sales@j-fsg.co.jp

Notel: On-board-programmer from FSG (AF9101/AF9103) and serial interface driver from Our company (SIB87)
together can give a PC-less, standal one on-board-programming capabilities.
Note2: It needs a specia programming devices and applications depending on the use of programming environment.
Please ask FSG or Our company for the information.
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Pin Assignment 3 .
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Vgg3 [ 40 21 [ POO/ANO/TDN1
P34/UFILT [ 41 20 [ vgg2
P33 [ 42 19 [ Vpp2
P32/SCRX [ 43 LC87F1M16A 18 [ PWMO/AN9/TDPO
P31/SCTX [ 44 17 3 PWM1/ANS/TDNO
OWPO [ 45 16 [ P17/TIPWMH/BUZ
P70/INTO/TOLCP/DPUP [ 46 15 [ P16/TIPWML
P71/INTL/TOHCP [ 47 14 [ P15/SCK1
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Top view
SQFP48(7x7) "Lead-/Haogen-free Type’
SQFP48 NAME SQFP48 NAME
1 P73/INT3/TOIN 25 PO4/AN4
2 RES 26 PO5/AN5/CKO
3 XT1/AN10 27 PO6/AN6/T60
4 XT2/AN11 28 PO7/AN7/T70
5 Vggl 29 P20/INT4/INT6/AN12/UTX1
6 CF1 30 P21/INT4/AN13/URX1
7 CF2 31 P22/INT4/AN14/SO4
8 Vppl 32 P23/INT4/AN15/S14
9 P10/SO0 33 P24/INT5/INT7/AN16/SCK4
10 P11/SI0/SBO 34 P25/INT5/AN17
11 P12/SCKO 35 P26/INT5/AN18
12 P13/S0O1 36 P27/INT5/AN19/DPUP2
13 P14/SI1/SB1 37 D-
14 P15/SCK1 38 D+
15 P16/TIPWML 39 Vpp3
16 P17/TIPWMH/BUZ 40 Vgs3
17 PWMZ1/ANS/TDNO 41 P34/UFILT
18 PWMO/AN9/TDPO 42 P33
19 Vpp2 43 P32/SCRX
20 Vgg2 44 P31/SCTX
21 POO/ANO/TDN1 45 OWPO
22 PO1/AN1/TDP1 46 P70/INTO/TOLCP/DPUP
23 P02/AN2/TDN2 47 P71/INTL/TOHCP
24 PO3/AN3 48 P72/INT2/TOIN

No0.A1909-7/31




LC87F1M16A

System Block Diagram
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LC87F1M16A

On-chip Debugger Pin Connection Requirements
For the treatment of the on-chip debugger pins, refer to the separately available documents entitled “Rd87 On-chip
Debugger Installation Manual”

Recommended Unused Pin Connections

Recommended Unused Pin Connections

Port Name
Board Software

P00 to PO7 Open Output low
P10 to P17 Open Output low
P20 to P27 Open Output low
P31to P34 Open Output low
P70 to P73 Open Output low
PWMO, PWM1 Open Output low
D+, D- Open Output low
XT1 Pulled low with a 100kQ resistor or less -

XT2 Open Output low
OWPO Pulled low with a 100k resistor

Note: P34 and UFILT share the same pin, so if USB function is used, the pi

Port Output Types
The table below lists the types of port outputs and the presence/absence of a pull-up resistor.
Data can be read into any input port even if it isin the output mode.

n must be set to input mode.

Option selected in . .
Port Name ] Option type Output type Pull-up resistor
units of

P00 to PO7 1 bit 1 CMOS Programmable
P10 to P17

P20 to P27 2 Nch-open drain Programmable
P31 to P34

P70 - No Nch-open drain Programmable
P71to P73 - No CMOSs Programmable
PWMO, PWM1 - No CMOS No

D+, D- - No CMOS No

XT1 - No Input only No

XT2 - No 32.768kHz crystal resonator output (N channel open | No

drain when in general-purpose output mode)
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LC87F1M16A

USB Reference Power Option
When avoltage 4.5 to 5.5V issupplied to Vpp1 and the internal USB reference voltage circuit is activated, the
reference voltage for USB port output is generated. The active/inactive state of the reference voltage circuit can be

switched by option select. The procedure for marking the option selection is described below.

@ @ (3 4

Option settings USB regulator USE USE USE NONUSE
USB regulator at HOLD mode USE NONUSE NONUSE NONUSE
USB regulator at HALT mode USE NONUSE USE NONUSE

Reference voltage circuit state Normal mode active active active inactive

HOLD mode active inactive inactive inactive

HALT mode active inactive active inactive

* When the USB reference voltage circuit is made inactive, the level of the reference voltage for USB port output is

equa to Vppl

e Selection (2) or (3) can be used to set the reference voltage circuit inactivein HOLD or HALT mode.

» When the reference voltage circuit is activated, the current drain increases by approximately 100uA compared with
when the reference voltage circuit isinactive.

Example 1: Vpp1=Vpp2=3.3V
e Inactivating the reference voltage circuit (selection (4)).
e Connecting Vpp3to Vppl and Vpp2.

LSI
P70/P27
1.5kQ
Power supply ’ 1 Vbpl
747_ 27 to 33Q To USB connector
. D-
AE VpDp2 e _T_
. ;; 5pF
pouF % J_ Vpp3 UFILT
* P
Vssl Vss2 Vgs3

2.2uF

Example 2: Vpp1=Vpp2=5.0V

¢ Activating the reference voltage circuit (selection (1)).
e Isolating Vpp3 from Vppl and Vpp2, and connecting capacitor between Vpp3 and Vss.

LSI
pP70/P27
1.5kQ
Power supply Vppl D+
iy % i DD 27 to 33Q To USB connector
7%. D
1 1 VDpD2 ;ﬂ'l_ ;;
;; 5pF
i F Vpp3 UFILT
G
0.1uF
Vsl Vgg2 Vss3
77+7_J_/ 2.2uF
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LC87F1M16A

Absolute Maximum Ratings at Ta=25°C, Vssl =Vss2 =Vss3 =0V

Specification
Parameter Symbol Pin/Remarks Conditions
VpplV] min typ max unit
Maximum supply Vpp max Vppl, Vpp2, Vpp3 Vppl=Vpp2=Vpp3 03 +6.5
voltage
Input voltage V(1) XT1, CF1, RES -0.3 Vpp+0.3 v
Input/output Vio(1) Ports 0,1, 2,3,7
voltage PWMO, PWM1 -0.3 Vpp+0.3
XT2
Peak output IOPH(1) P00, P02 to PO7 * When CMOS output
current Ports 1, 2 type is selected -10
« Per 1 applicable pin
IOPH(2) PWM1 Per 1 applicable pin -20
IOPH(3) PWMO(TDPO) » When CMOS output
PO1(TDP1) type is selected -50
« Per 1 applicable pin
IOPH(4) Port 3 * When CMOS output
P71 to P73 type is selected -5
« Per 1 applicable pin
Average IOMH(1) P00, P02 to PO7 * When CMOS output
output current Ports 1, 2 type is selected -7.5
= (Note 1-1) « Per 1 applicable pin
f‘_;’ IOMH(2) PWM1 Per 1 applicable pin -15
55’ IOMH(3) PWMO(TDPO) « When CMOS output
% PO1(TDP1) type is selected -30 mA
T « Per 1 applicable pin
Q2 IOMH(4) Port 3 * When CMOS output
%’ P71 to P73 type is selected -3
« Per 1 applicable pin
Total output ZIOAH(1) P00, P02 to P07 Total current of all .
current Ports 2 applicable pins
ZIOAH(2) Port 1 Total current of all 25
PWM1 applicable pins
TIOAH(3) PWMO(TDPO) Total current of all 50
PO1(TDP1) applicable pins
ZIOAH(4) Ports 0, 1, 2 Total current of all 100
PWMO, PWM1 applicable pins
ZIOAH(5) Port 3 Total current of all 10
P71 to P73 applicable pins
ZIOAH(6) D+, D- Total current of all 25
applicable pins

Note 1-1: The average output current is an average of current values measured over 100ms intervals.

Continued on next page.
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LC87F1M16A

Allowable Operating Conditions at Ta=-40°C to +85°C, Vssl =Vsg2 =Vsg3 = 0V

Specification
Parameter Symbol Pin/Remarks Conditions -
VpplV] min typ max unit
Operating Vpp(1) Vppl=Vpp2=Vpp3 0.245us < tCYC < 200us 3.0 5.5
supply voltage 0.490us < tCYC < 200us Except
Note 2-1) ) i 2.7 5.5
( in onboard programming mode
0.245us < CYC < 0.383us
R 3.0 5.5
USB circuit active
Memory VHD Vppl=Vpp2=Vpp3 RAM and register contents
sustaining sustained in HOLD mode. 2.0 5.5
supply voltage
High level ViH(1 Port0,1, 2,3,7 0.3V
o IH®) 271055 bb Vop | v
input voltage PWMO, PWM1 +0.7
VIH(2) XT1, XT2, CF1,RES 2.7t05.5 0.75Vpp VbD
Low level Vi (4 Port1,2,3,7 0.1V,
) L 401055 Vss bb
input voltage +0.4
VIL®) 2.710 4.0 Vss 0.2Vpp
ViLE Port 0 0.15V,
1Le) 401055 Vss bb
PWMO, PWM1 +0.4
VIL(4) 2.710 4.0 Vss 0.2Vpp
ViL(5) XT1, XT2, CF1,RES 27t055 Vgg 0.25Vpp
Instruction tCYC 3.0t05.5 0.245 200
cycle time Except for onboard programming
(Note 2-2) mode 2.7t05.5 0.490 200 us
USB circuit active 3.0t05.5 0.245 0.383
External FEXCF(1) | CF1 o CF2 pin open
system clock * System clock frequency
frequency division ratio=1/1 3.0t05.5 0.1 12
* External system clock duty
=50+5%
K MHz
e CF2 pin open
* System clock frequency
division ratio=1/1 27t05.5 0.1 6
* External system clock duty
=50+5%
Oscillation FmMCF CF1, CF2 When 12MHz ceramic oscillation
) 3.0t05.5 12
frequency See Fig. 1. MHz
range FmRC Internal RC oscillation 271055 0.5 1.0 2.0
(Note 2-3) FmSLRC Internal low-speed RC oscillation 27t055 15 30 60
FsX'tal XT1, XT2 32.768kHz crystal oscillation kHz
) 27t05.5 32.768
See Fig. 2.

Note 2-1: Vpp must be held greater than or equal to 3.0V in the flash ROM onboard programming mode.

Note 2-2: Relationship between tCY C and oscillation frequency is 3/[FmCF at adivision ratio of 1/1 and 6/FmCF at

adivision ratio of 1/2.
Note 2-3: See Tables 1 and 2 for the oscillation constants.
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LC87F1M16A

Serial /0O Characteristics at Ta=-40°Cto +85°C, Vssl =Vsg2 =Vss3 =0V
1. SIOO0 Serial I/O Characteristics (Note 4-1-1)

Parameter

Symbol

Pin/
Remarks

Conditions

Specification

VbplV]

min

typ max

unit

Frequency

tSCK(1)

Low level
pulse width

tSCKL(1)

High level
pulse width

Input clock

tSCKH(1)

tSCKHA(1a)

tSCKHA(1b)

tSCKHA(1c)

SCKO(P12)

See Fig. 8.

o Continuous data transmission/
reception mode

e USB nor SIO4 are not in use
simultaneous.

* See Fig. 8.

o (Note 4-1-2)

o Continuous data transmission/
reception mode
e USB is in use simultaneous

e S|04 is not in use simultaneous.

* See Fig. 8.
o (Note 4-1-2)

o Continuous data transmission/
reception mode

e USB and SIO4 are in use
simultaneous.

* See Fig. 8.

o (Note 4-1-2)

2.7t05.5

Frequency

Serial clock

tSCK(2)

Low level
pulse width

1SCKL(2)

High level
pulse width

Output clock

tSCKH(2)

tSCKHA(2a)

tSCKHA(2b)

tSCKHA(2C)

SCKO(P12)

* CMOS output selected
* See Fig. 8.

e Continuous data transmission/
reception mode

* USB nor SI04 are not in use
simultaneous.

* CMOS output selected

* See Fig. 8.

o Continuous data transmission/
reception mode

e USB is in use simultaneous

e S|04 is not in use simultaneous.

* CMOS output selected

* See Fig. 8.

o Continuous data transmission/
reception mode

e USB and SIO4 are in use
simultaneous.

* CMOS output selected

* See Fig. 8.

27t05.5

4/3

tCyC

1/2

1/2

tSCK

tSCKH(2)
+21CYC

tSCKH(2)
+10/3)
1cYe

tSCKH(2)
+21CYC

1SCKH(2)
+1973)
1cYC

{SCKH(2)
+2(CYC

1SCKH(2)
+(2513)
1cYe

tCyC

Note 4-1-1: These specifications are theoretical values. Add margin depending on its use.
Note 4-1-2: To use serial-clock-input in continuous trans/rec mode, a time from SIORUN being set when serial clock is
"H" to the first negative edge of the serial clock must be longer than tSCKHA.

Continued on next page.
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LC87F1M16A

Continued from preceding page.

Pin/ Specification
Parameter Symbol Conditions
Remarks VbplV] min typ max unit
Data setup time tsDI(1) SBO(P11), * Must be specified with respect
*g,_ SI0(P11) to rising edge of SIOCLK. 0.03
£ * See Fig. 8.
= - 2.7t055
5 | Data hold time thDI(1)
@ 0.03
Output delay tdDO(1) SO0(P10), o Continuous data transmission/ (wayeYC
% time SBO(P11) reception mode 40,05
< o (Note 4-1-3) ' us
- é tdDO(2) e Synchronous 8-bit mode
2l £ 1UCYC
£ o (Note 4-1-3)
3 +0.05
= 2.7t055
b5 tdDO(3) (Note 4-1-3)
Pl %
S @nyeye
3 +0.05
5
(@]

Note 4-1-3: Must be specified with respect to falling edge of SIOCLK.
Must be specified as the time to the beginning of output state change in open drain output mode. See Fig. 8.

2. SI01 Serial I/0 Characteristics (Note 4-2-1)

Pin/ Specification
Parameter Symbol Conditions
Remarks VbpV] min typ max unit
Frequency tSCK(3) SCK1(P15) | See Fig. 8. 5
x
3
S| Low level tSCKL(3)
3| pulse width 271053 !
E- . tCYC
é High level tSCKH(3) 1
© pulse width
-g Frequency tSCK(4) SCK1(P15) | e When CMOS output type is 2
o é selected
S| Low level tSCKL(4)  See Fig. 8.
5 ) 2.7t05.5 1/2
2| pulse width
5 tSCK
O | High level tSCKH(4) 12
pulse width
Data setup time tsDI(2) SB1(P14), * Must be specified with respect wayeye
5 SI1(P14) to rising edge of SIOCLK.
a +0.01
£ * See Fig. 8.
= - 2.7t055
% | Data hold time thDI(2)
o 0.01
Output delay time tdDO(4) SO1(P13), * Must be specified with respect us
= SB1(P14) to falling edge of SIOCLK.
= o Must be specified as the time
3 - (w2)eye
= to the beginning of output state 2.7t05.5
s i ) +0.05
g change in open drain output
mode.
* See Fig. 8.

Note 4-2-1: These specifications are theoretical values. Add margin depending on its use.

No0.A1909-19/31




LC87F1M16A

3. SIO04 Serial 1/0 Characteristics (Note 4-3-1)

Parameter

Symbol

Pin/
Remarks

Conditions

Specification

VbplV]

min

typ max

unit

Frequency

1SCK(5)

Low level
pulse width

tSCKL(5)

High level
pulse width

Input clock

tSCKH(5)

tSCKHA(5a)

tSCKHA(5b)

tSCKHA(5C)

SCK4(P24)

See Fig.8.

* USB nor continuous data
transmission/reception mode
of SIOO0 are not in use
simultaneous.

* See Fig.8.

* (Note 4-3-2)

* USB is in use simultaneous.

« Do not use SIO0 continuous
data transmission mode at the
same time.

* See Fig.8.

* (Note 4-3-2)

» USB and continuous
data transmission/ reception
mode of SIOO0 are in use
simultaneous.

* See Fig.8.

* (Note 4-3-2)

271055

10

Frequency

Serial clock

tSCK(6)

Low level
pulse width

tSCKL(6)

High level
pulse width

Output clock

tSCKH(6)

tSCKHA(6a)

{SCKHA(6b)

tSCKHA(6C)

SCK4(P24)

* CMOS output selected
* See Fig.8

* USB nor continuous data
transmission/reception mode
of SIOO0 are not in use
simultaneous.

* CMOS output selected

* See Fig.8.

* USB is in use simultaneous.

* Do not use SIOO0 continuous
data transmission mode at the
same time.

* CMOS output selected

* See Fig8.

» USB and continuous
data transmission/reception
mode of SIO0 are in use
simultaneous.

* CMOS output selected

 See Fig.8.

2.7t05.5

4/3

tCyC

1/2

1/2

tSCK

SCKH(6)
+(5/3)
tCYC

tSCKH(6)
+(10/3)
tcYc

tSCKH(6)
+(5/3)
tCYC

tSCKH(6)
+(19/3)
tCcYC

tSCKH(6)
+(5/3)
tCYC

tSCKH(6)
+(28/3)
tcYC

tCYC

Data setup time

tsDI(3)

Data hold time

Serial input

thDI(3)

S04(P22),
S14(P23)

» Must be specified with respect
to rising edge of SIOCLK.
* See Fig.8.

2.7t055

0.03

2.7t055

0.03

us

Note 4-3-1: These specifications are theoretical values. Add margin depending on its use.
Note 4-3-2: To use serial-clock-input in continuous trans/rec mode, a time from SI4RUN being set when serial clock is
"H" to the first negative edge of the serial clock must be longer than tSCKHA.

Continued on next page.
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LC87F1M16A

Continued from preceding page.

Pin/ Specification
Parameter Symbol Conditions
Remarks VbplV] min typ max unit
Output delay time tdDO(5) S04(P22), « Must be specified with
S14(P23) respect to rising edge of
3 SIOCLK.
§ » Must be specified as the time (1/3)tcycC
et L 2.7t05.5 us
g to the beginning of output state +0.05
& change in open drain output
mode.
« See Fig.8.
Pulse Input Conditions at Ta=-40°C to +85°C, Vssl =Vsg2 =Vss3 =0V
Specification
Parameter Symbol Pin/Remarks Conditions
VpplV] min typ max unit
High/low level tP1H(1) INTO(P70), INT1(P71), e Interrupt source flag can be set.
pulse width tP1L(1) INT2(P72), e Event inputs for timer 0 or 1 are
INT4(P20 to P23), enabled.
INT5(P24 to P27), 271055 !
INT6(P20),
INT7(P24)
tPIH(2) INT3(P73) when noise e Interrupt source flag can be set.
tPIL(2) filter time constant is e Event inputs for timer 0 are 27t055 2 tCYC
1/1 enabled.
tPIH(3) INT3(P73) when noise o Interrupt source flag can be set.
tPIL(3) filter time constant is * Event inputs for timer O are 27t055 64
1/32 nabled.
tPIH(4) INT3(P73) when noise e Interrupt source flag can be set.
tPIL(4) filter time constant is e Event inputs for timer 0 are 2.7t05.5 256
1/128 enabled.
tPIL(5) RES Resetting is enabled. 27t055 200 us
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LC87F1M16A

Power-on Reset (POR) Characteristics at Ta=-40°Cto +85°C, Vssl =Vss2 =Vss3=0V

Specification
Parameter Symbol Conditions Option selected
min typ max unit
voltage
POR release voltage PORRL Select from option 257V 2.45 2.57 2.69
(Note 7-1) 2.87V 2.75 2.87 2.99
3.86V 3.73 3.86 3.99 v
4.35V 4.21 4.35 4.49
Detection voltage POUKS See Fig.11
0.7 0.95
unknown state (Note 7-2)
Power supply rise time PORIS Power supply rise time from 0V 100
ms
to 1.6V

Note 7-1: The POR release level can be selected out of 4 levels only when the LV D reset function is disabled.
Note 7-2: POR isin unknown state before transistor start operation.

Low Voltage Detection Reset (LVD) Characteristics at Ta=-40°C to +85°C, Vssl =Vss2 =Vss3 =0V

Specification
Parameter Symbol Conditions Option selected
min typ max unit
voltage
LVD reset voltage LVDET Select from option 2.81V 271 2.81 291
(Note 8-2) See Fig.12 3.79v 3.69 3.79 3.89 v
(Note 8-1)
4.28V 4.18 4.28 4.38
(Note 8-3)
LVD hysteresis width LVHYS 2.81V 55
3.79v 60 mV
4.28V 60
Detection voltage LVUKS See Fig.12
0.7 0.95 \Y
unknown state (Note 8-4)
Low voltage detection TLVDW LVDET-0.5V
minimum width See Fig.13 0.2 ms
(Reply sensitivity).

Note 8-1: The LVD reset level can be selected out of 3 levels only when the LV D reset function is enabled.
Note 8-2: LVD reset voltage specification values do not include hysteresis voltage.
Note 8-3: LVD reset voltage may exceed its specification values when port output state changes and and/or when a

large current flows through port.
Note 8-4: LVD isin unknown state before transistor start operation.
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Continued from preceding page.
Pin/ Specification
Parameter Symbol Conditions
Remarks VpplV] min typ max unit
HALT mode IDDHALT(11) Vppl e HALT mode
) o 451055 35 120
consumption =Vpp2 e FMCF=0MHz (oscillation stopped)
current IDDHALT(12) =Vpp3 ¢ FsX'tal=32.768kHz crystal oscillation mode
— 3.0t03.6 9.5 39
(Note 9-1) * System clock set to crystal oscillation.
(Note 9-2) IDDHALT(13) (32.768kHz)
o Internal RC oscillation stopped 2.7t03.0 6.4 27
* 1/2 frequency division ratio
HOLD mode IDDHOLD(1) Vppl e HOLD mode 451t05.5 0.08 24
consumption IDDHOLD(2) e CF1=Vpp or open (External clock mode) 3.01t03.6 0.03 11
current
IDDHOLD(3) 2.7t03.0 0.02 9.6
(Note 9-1)
(Note 9-2) IDDHOLD(4) * HOLD mpde 451t05.5 2.9 29
IDDHOLD(5) * LVD option selected 3.0t03.6 2.2 15 | A
e CF1=Vpp or open (External clock mode
IDDHOLD(6) DD or open ( ) 271030 2.1 12
IDDHOLD(7)  HOLD mode 451055 2.9 32
IDDHOLD(® » Watchdog timer operation mode
® (internal low-speed RC oscillation circuit 3.0t03.6 14 16
IDDHOLD(9) operation)
« CF1=Vpp or open (External clock mode) 2.7103.0 12 14
Timer HOLD IDDHOLD(10) e Timer HOLD mode
451t05.5 31 110
mode e CF1=Vpp or open (External clock mode)
consumption IDDHOLD(11) o FsX'tal=32.768kHz crystal oscillation mode
3.0t03.6 7.0 34
current
(Note 9-1) IDDHOLD(12)
2.7t03.0 4.3 22
(Note 9-2)

Note 9-1: The consumption current value includes none of the currents that flow into the output transistors and internal
pull-up resistors.
Note9-2: Unless otherwise specified, the consumption current for the LV D circuits is not included.

USB Characteristics and Timing at Ta=-40°C to +85°C, Vssl = Vss2 = Vsg3 = 0V

Specification
Parameter Symbol Conditions
min typ max unit
High level output VOH(USB) o 15kQ+5% to GND 2.8 3.6 \Y
Low level output VOL(USB) o 1.5kQ+5% to 3.6V 0.0 0.3 \
Output signal crossover voltage VCRS 1.3 2.0 \
Differential input sensitivity Vp) o | (D+)-(D7)] 0.2 \Y;
Differential input common mode range Vem 0.8 2.5 \
High level input VIH(USB) 2.0 \
Low level input VIL(USB) 0.8 \
USB data rise time R ¢ Rg=27 to 33Q, C =50pF
4 20 ns
¢ Vpp3=3.0to 3.6V
USB data fall time tg ® Rg=27 to 33Q, C =50pF
4 20 ns
¢ Vpp3=3.0 t0 3.6V
F-ROM Programming Characteristics at Ta= +10°C to +55°C, Vsl = OV
Pin/ Specification
Parameter Symbol Conditions -
Remarks VpplV] typ max unit
Onboard programmin IDDFW(1 Vppl Excluding power dissipation in the
prog Y @ Db * =xcluding p P 301055 5 10| mA
current microcontroller block
Programming time tFW(1) « Erase operation 20 30 ms
- - 3.0t05.5
tFW(2) o Write operation 40 60 us
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Characteristics of a Sample Main System Clock Oscillation Circuit
Given below are the characteristics of a sample main system clock oscillation circuit that are measured using a Our

designated oscillation characteristics evaluation board and external components with circuit constant values with which
the oscillator vendor confirmed normal and stable oscillation.

Table 1 Characteristics of a Sample Main System Clock Oscillator Circuit with a Ceramic Oscillator
at Ta=-40°C to +85°C

Lo Operating Oscillation
) Circuit Constant I )
Nominal Vendor . Voltage Stabilization Time
Oscillator Name Remarks
Frequency Name C1 C2 Rd1 Range typ max
[pF] [pF] €] v [ms] [ms]
Cland C2
12MHz MURATA CSTCE12MOGH5L**-R0O (33) (33) 470 3.0to5.5 0.1 0.5 integrated
SMD type

The oscillation stabilization time refers to the time interval that is required for the oscillation to get stabilized in the
following cases (see Figure 4):
o Till the oscillation gets stabilized after Vpp goes above the operating voltage lower limit.
o Till the oscillation gets stabilized after the instruction for starting the main clock oscillation circuit is executed.
o Till the oscillation gets stabilized after the HOLD mode is reset.
o Till the oscillation gets stabilized after the X'tal HOLD mode is reset with CFSTOP (OCR register, bit 0) set to 0.

Characteristics of a Sample Subsystem Clock Oscillator Circuit
Given below are the characteristics of a sample subsystem clock oscillation circuit that are measured using a Our

designated oscillation characteristics evaluation board and external components with circuit constant values with which
the oscillator vendor confirmed normal and stable oscillation.

Table 2 Characteristics of a Sample Subsystem Clock Oscillator Circuit with a Crystal Oscillator

Lo Operating Oscillation
) Circuit Constant - .
Nominal Vendor . Voltage Stabilization Time
Oscillator Name Remarks
Frequency Name C3 C4 Rf Rd2 Range typ max
[pF] [pF] Q] (2] Y| [s] [s]
Applicable
EPSON
32.768kHz MC-306 18 18 OPEN 680k 2.7t055 1.1 3.0 CL value=12.5pF
TOYOCOM
SMD type

The oscillation stabilization time refers to the time interval that is required for the oscillation to get stabilized in the
following cases (see Figure 4):

o Till the oscillation gets stabilized after the instruction for starting the subclock oscillation circuit is executed.

o Till the oscillation gets stabilized after the HOLD mode is reset with EXTOSC (OCR register, bit 6) set to 1.

Note: The components that are involved in oscillation should be placed as close to the IC and to one another as possible
because they are vulnerable to the influences of the circuit pattern.

CF2 XT1 XT2

——— A AVWN——9
Rf
Rd1 Rd2
- -
ClL T CF c2 C3 T Ytal 7—7|; Cc4
777 ;J; 777

Figure 1 CF Oscillator Circuit Figure 2 Crystal Oscillator Circuit
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VDD

Operating Vpp
lower limit
GND

Power supply

RES

Internal RC
oscillation

CF1, CF2

XT1, XT2

Op(cejrating Unpredictable >< Reset >< Instruction execution
mode

HOLD reset signal >< HOLD reset signal valid

Internal RC /J_H_H_H_H_H_H_H_H_H_H_H_H_”_________ﬂ

oscillation
CFl,CFz /\/\/\/\/\/\/\J\/\/\\_________

tmsX'tal >

A

XT1, XT2

Operating mode HOLD >< HALT

HOLD Reset Signal and Oscillation Stabilization Time

Figure 4 Oscillation Stabilization Time
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P34/UFILT
When using the internal PLL circuit to generate

the-48MHz clock for USB, it is necessary to

§ Rd connect afilter circuit such as that shown to the
Oka left to the P34/UFILT pin.

After PLL settings, 20ms or moreis required to

stabilize.

N
777 Cd
T 2.2uF

777

Figure 5 External Filter Circuit for the Internal USB-dedicated PLL Circuit

VD30EN/
VD30E?2
—>
P70/
P27
1.5kQ
Note:
It's necessary to adjust the Circuit Constant of the
D+ USB Port Peripheral Circuit each mounting board.
27 10 33Q Make the D+ Pull-up resistors available to control
5pF —— on/off according to the Vbus.
777
D- NN—<—>
27 to 33Q
5pF ——
777
Figure 6 USB Port Peripheral Circuit
VDD
RRES Note: o
The external circuit for reset may vary
depending on the usage of POR and LVD.
RES ® See “Reset Function” in the user’s manual.
—— CRES
777
Figure 7 Sample Reset Circuit
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SIOCLK:

DATAIN: :>< DIOI>< DI1 ><§DI2 >< DI3 >< Di4 >< DI5 >< DI6§>< DI7 ><

DATAOUT: X DOO§>< DOl>< >< DO7 ><

__ — Data RAM transfer —
T e period (SIOQ0, 4 only)

DO2 >< DO3 >< DO4 >< DO5 >< DO6

o

a e tsCk T >

SIOCLK: —\ / \
DATAIN: >< ><
DATAOUT: >< ><

_____________ j‘— Data RAM transfer—"'\
____________________________________ period (SIOQ, 4 only)

e 1SCKL e tSCKHA — *

SIOCLK: —\;\ é \;
DATAIN: é >;< >;<
DATAOUT: >;< ><:

Figure 8 Serial Input/Output Waveform

— tPIL —P¢—— tPIH —>

Figure 9 Pulse Input Timing Signal Waveform

Voh

Vers

Vol

Figure 10 USB Data Signal Timing and Voltage Level
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POR release voltage
(PORRL)

VbD

Reset unknown
area (POUKS)

Figure 11 Example of POR Only (LVD Deselected) Mode Waveforms (at Reset Pin with RRES Pull-up Resistor Only)

¢ The POR function generates a reset only when the power voltage goes up from the Vsg level.

¢ No stable reset will be generated if power is turned on again when the power level does not go down to the Vsglevel
asshownin (@). If such acaseis anticipated, use the LV D function together with the POR function as shown below or
implement an external reset circuit.

o A reset is generated only when the power level goes down to the Vg level as shown in (b) and power is turned on
again after this condition continues for 100us or longer.

LVD hysteresis width LVD release voltage
(LVHYS) /j (LVDET+LVHYS)
'/ \\ /' ; l’ \; 4/
VoD | N /| . | N D
B b b N cdiicdccccccbo oo LVD reset voltage
AT o b S AN (LVDET)
;_,,b’ Reset perlod 4,,‘ H’ Reset penod_,._,._ Al _.._14_ ’. Reset period -<—>.'
Reset unknown area | : : :
(LVUKS) L

Figure 12 Example of POR + LVD Mode Waveforms (at Reset Pin with RRgS Pull-up Resistor Only)

¢ Reset are generated both when power is turned on and when the power level lowers.
¢ A hysteresiswidth (LVHY'S) is provided to prevent the repetitions of reset release and entry cycles near the detection
level.

VbD

LVD release voltage \
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ey
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l --- LVDET-0.5V
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Figure 13 Minimum Low V oltage Detection Width (Example of Voltage Sag/Fluctuation Waveform)
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