TOSHIBA

TB31373FNG

TOSHIBA Bi-CMOS Integrated Circuit Silicon Monolithic

TB31373FNG

Single Chip Receiver IC

Features

The TB31373FNG, which realizes a reception block on a single
chip, can greatly reduce the number of components comprising
must functions (.e. RF block, IF block, VCO block, PLL block),
and allows for thinner, smaller devices.

Application: Remote keyless entry (remote door lock and
unlock of equipment), low tire pressure detector of equipment,

SSOP24-P-300-0.65A

remote controller, etc

Weight: 0.14 g (typ.)

RF: 434 MHz, IF: 220 kHz

Combines LNA, image rejection MIX, IF, PLL, VCO, detector circuit, and comparator block onto a single chip

Operating voltage range: VCC=3.6t0 5.5V

Current consumption: IcC = 6.4 mA (AM mode, Vcc = 5.0 V)
Icc = 6.6 mA (FM mode, Voc = 5.0 V)

Current consumption during BS: 0 pA (typ.)
On-chip IF filter, detector circuit
Package: 24-pin SSOP (0.65-mm pitch)
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Note: There are cases where content such as a function block, circuit, or constant will be partially omitted or simplified
in block diagrams to facilitate the explanation of functions in the diagram.
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Pin Functions (all the values (resistance, capacity, etc.) shown in the internal equivalent
circuit diagram are typical values.)

Pin No. | Pin Name Description Internal Equivalent Circuit

1 XIN1 Locally generated reference clock pin

2 XIN2 Locally generated reference clock pin
Peak hold pins when in the AM mode (for 100 k2

3 AM Peak |CHARGE?2)
Please set open when not using this pin. 100 kQ

4 PLL GND [ GND pins for the PLL and VCO blocks —
CHARGE?2 setting SW pin. This pin is also
used as the test pin.

5 CHG sw Do not perform V¢ (Hi) processing on this
pin.

6 PLLVcc |PLL, VCO block power pin —
AM/FM switching SW pin. 10 kQ
High: FM mode

7 AM/FM
Low: AM mode
Do not set open.

The equivalent circuit diagram for the pin periphery is intended to aid in understanding the connected external circuit
design, not to precisely describe the internal circuit.
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Pin No. | Pin Name Description Internal Equivalent Circuit
Bit rate filter switching SW pin. A
High: High bit rate ®) 10 kQ
8 LPF SW  [Low: Low bit rate
Is also used as the X1/X2 control SW. Do not
perform open processing on this pin.
ENABLE pin. R
(IC operation ON/OFF control pin) 10 kQ
9 ENB High: Circuit operation ON
Low: Circuit operation OFF mode
Do not set open.
10 RSSI RSSI output pin (10 g
<
N
Quick charge circuit control pin. 2000 o —
1 CHARGE (For CHARGE_1) Elease attach a capacitor 2
when using this pin. =]
Please set open when not using this pin. -
5 kQ
100 QQ
AM/FM waveform output pin. This pin is used
12 RX DATA | for open collector output. Connect pull-up 2.kQ ¢
resistance to this pin.
13 RFIN  |RF signal input pin 10 kO
6 kQ
13 §
14 RF DEC [RF decoupling pin

The equivalent circuit diagram for the pin periphery is intended to aid in understanding the connected external circuit
design, not to precisely describe the internal circuit.
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Pin No. | Pin Name Description Internal Equivalent Circuit
ﬁé—H—E
100 kQ
100 kO ::‘>‘%
FIL-AMP T
15 REF Data comparator REF pin. CHARGE1
1 — o —wW— !
e 33kQ|
i 10kQ 1
1 o—\W\—@ :
:I al 1
! —‘>—o o o— |
! fe |
CHARGE2
5 pF IR «
This pin is also used as an RF signal output @ i
16 MIX IN . o= .
pin and a mixer input pin. 24 kQ
—
LNA
17 Vee Power pin _
~ ~
Quick charge circuit threshold setting pin
18 CHG Vth [when in the FM mode (for CHARGE2).
Please set open when not using this pin.
19
19 AF OUT | Detection output pin O
20 GND GND pin _

The equivalent circuit diagram for the pin periphery is intended to aid in understanding the connected external circuit
design, not to precisely describe the internal circuit.
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TOSHIBA TB31373FNG

Pin No. | Pin Name Description Internal Equivalent Circuit
200
21 LPF C1 Bit rate filter pin. (For low bit rate) |_%
5 kQ
22 LPF IN Bit rate filter input pin.
, , . §

23 LPF OUT |Bit rate filter output pin. 200 Q

200 Q
24 LPF C2 Bit rate filter output pin. (For low bit rate) @ ’

The equivalent circuit diagram for the pin periphery is intended to aid in understanding the connected external circuit
design, not to precisely describe the internal circuit.

5 2010-10-13



TOSHIBA TB31373FNG

Overview
1. Vcc, GND Supply Block Distribution

This is the block distribution of each VCC and GND pin. Because elements such as protection diodes are
connected inside the IC, please use each V¢ pin with identical power sources so the same electrical

potential results. Also, even when using identical power sources, note that there must be no electrical
potential difference between these pins. To ensure that this is the case, take measures such as mounting a
bypass capacitor next to each VC(C pin having the same capacitance value.

vee GND Block

Vce GND LNA, MIX, IF-AMP, RSSI, FIL-AMP, DATA-COMP, Detector

PLL-Vcc PLL-GND |VCO, PLL, XOSC

2. Gain Distribution

The following diagram shows the distribution of each gain during reception. Each value is treated as a
rough design target value.

1
T ! LNA MIX IF-Filter1 IF-Filter2 + IF-AMP :
1
SAW : | = | :
1 | <~ | 1
1 1
-2.5dB : 30dB 27.5dB 0dB 61dB :
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TOSHIBA TB31373FNG

Functions
1. LNA Current Regulation

The current consumption and gain of LNA can be regulated by changing resistance R in the following
diagram. When R = 1 kQ, the consumption current is about 600 pA.

Figure 1

2. LNA Gain
The design value is 30dB.

3. Locally Oscillating Oscillators

Local oscillation circuits in this product have on-chip capacitance. Please use quartz oscillators with a
load capacitance of 8 pF.

4. Local Oscillation External Injection Method

When inputting an external oscillation frequency from pin 1, set the pin 1 signal level to 95 to 110dBuV.
Set the pin 2 GND for external injection only from pin 1.

0.01 pF
1
fLo

Figure 2
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5. IF Filter Block

Under the standard conditions for this IC, signals are converted into 220 kHz signals in the mixer block

then are input to the IF block. The frequency MIX(in) which is input from the mixer input pins is
433.9192 MHz and the local frequency is 40.6593 MHz.

This IC has an on-chip IF filter, but does not have any output pins. To measure the IF filter characteristics,
measure the RSSI voltage at the RSSI pin. The frequency characteristics of the RSSI block are included in
the IF filter characteristics explained in this document.

The center frequency of the standard IF filter characteristics is 220 kHz, —-3dB bandwidth is 300 kHz.

Figure 3 shows the IF filter characteristics. The filter deviation is about +10%.

10
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Figure 3

6. Detection Circuit

Detection is performed using the quadrature detection method. The detector is built into the IC and
doesn't require an external ceramic discriminator. Demodulation output is kept at a fixed level since
adjustment can't be made using the dumping resistor.
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7.

Bit Rate Filter

The standard bit rate is 600 bps. Therefore, the FSK bit rate filter is a 600-bps 2nd order filter. Using a
3rd order filter is also possible. When using a bit rate other than 600 bps, please change the filter constant.
You can also use two types of filters and switch between them. When switching, pin 21 and pin 24 are used

for the low bit rate. (However, only 2nd order filters can be used when switching filters.)

The LPF SW is used to switch the bit rate between FSK bit rate filters. However, if you are switching the
bit rate between FSK and ASK, use the AM/FM SW.
Additionally, the bit rate filter is Manchester encoded.

e Bit rate switching

Bit Rate Switching Low Bit Rate High Bit Rate
Mode Switching AM/FM SW LPF SW AM/FM SW LPF SW
ASK/ASK Low Low Low High
FSK/FSK High Low High High
FSK/ASK High Low Low High
ASK/FSK Low Low High High

Note: If you use the ASK/FSK mode, AM/FM SW and LPF SW can use connect.

(1) ASK bit rate filter

The current ASK bit rate filter is a 600-bps 2nd order filter. When using a bit rate other than 600 bps,
please change the filter constant.

(2) FSK bit rate filter

Table 1 2nd Order Bit Rate Filter Reference Constant (Manchester encoded)
R4 R2 c6 cs
600 bps 68 kQ 68 kQ 4700 pF 1500 pF
1200 bps 68 kQ 68 kQ 2200 pF 680 pF
2400 bps 68 kQ 68 kQ 1000 pF 390 pF
4800 bps 68 kQ 68 kQ 560 pF 180 pF
9600bps 68 kQ 68 kQ 270 pF 82 pF

The current FSK bit rate filter is a 600-bps 2nd order filter. When using a bit rate other than 600 bps,

please change the filter constant.

Table 2 2nd Order Bit Rate Filter Reference Constant (Manchester encoded)

R4 R2 cé cs
600 bps 68 kQ 68 kQ 4700 pF 1500 pF
1200 bps 68 kQ 68 kQ 2200 pF 680 pF
2400 bps 68 kQ 68 kQ 1000 pF 390 pF
4800 bps 68 kQ 68 kQ 560 pF 180 pF
9600 bps 68 kQ 68 kQ 270 pF 82 pF
9 2010-10-13
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(3) Switching 2nd order bit rate filters (Manchester encoded)
When using E12 series capacitors:

e Only 2nd order filters can be switched when switching bit rate filters

e Bit rate filter constants are simulation values. These values have not been confirmed through
actual measurement.

e Cut-off frequency (demodulation frequency x 1.5/demodulation frequency x 1.5)

Table 3 2nd Order Bit Rate Filter Reference Constant (Manchester encoded)

R4 R2 cé c8 c3 c9
600 bps / 4800 bps 68 kQ 68 kQ 560 pF 180 pF 3900 pF | 1500 pF
600 bps / 9600 bps 68 kQ 68 kQ 270 pF 82 pF 4700 pF | 1500 pF
1000 bps / 4800 bps | 68 kQ 68 kQ 560 pF 180 pF 2200 pF 820 pF
1000 bps / 9600 bps | 68 kQ 68 kQ 270 pF 82 pF 2700 pF 820 pF
1200 bps / 4800 bps | 68 kQ 68 kQ 560 pF 180 pF 1800 pF 560 pF
1200 bps / 9600 bps | 68 kQ 68 kQ 270 pF 82 pF 2200 pF 680 pF
2400 bps /4800 bps | 68 kQ 68 kQ 560 pF 180 pF 560 pF 180 pF
2400 bps /9600 bps | 68 kQ 68 kQ 270 pF 82 pF 820 pF 270 pF

Note: The cut-off frequency is only set to demodulation frequency x 2.0 for FSK when the transfer rate is
9600 bps.

8. Quick Charge/Discharge Circuit (CHARGE pin)

The CHARGE pin (pin 11)/ the CHG Vth pin (pin 18)/ the AM Peak pin (pin 3) are quick charge/discharge
pins. There are two types of quick charge/discharge function: CHARGE1 and CHARGE2. Switching is made
possible by combining the control of the CHG SW pin (pin 5) and the LPF SW pin (pin 8).

The CHARGE]1 function uses a time constant between the internal resistors and external capacitors to
automatically quick charge/discharge the REF pin (pin 15) for a constant period of time. The CHARGE pin
(11 pin) is control terminal for quick charge time. This function can be used by attaching capacitors, so be
sure to attach capacitors with the same capacity as the REF pin (pin 15) during normal operation.

External capacitors with a capacitance (C20) of 0.1 pF are used, and the quick charge time is set to about
8 ms.

The control ways of the CHARGEZ2 function are different between in the AM mode and FM mode.
The CHARGE2 function quick charges/ discharges the REF pin (pin 15) when the difference between the
input signal and the REF pin (pin 15) voltage exceeds the range of the threshold (-Vchgth to +Vchgth).

When in the FM mode, the threshold is determined by the external resistance Rchgth (R9) of the CHG Vth
pin (pin 18).

For external resistance Rchgth of the CHG Vth pin (pin 18), use resistance which is considered variation
of receiver and transmitter signal and within the range from 33 kQ to 150 kQ.
Threshold Vchgth equation:

10k
—
Rchgth + 1k

To adjust the threshold Vchgth, check the swing of REF pin (pin 15) voltage in CHRGE2 mode. If the REF
pin (pin 15) voltage is big, start-up time of IC will be quick but it is disadvantage for receiver sensitivity.

Vehgth =1.2 x

To switch the bit rate between CHARGEZ2 functions when in the FM mode, add a switch to the external
Rchgth resistance of the CHG Vth pin (pin 18).
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The threshold is determined inside the IC when in the AM mode.
Please attach capacitor according to bit rate, and with 1/3 capacity at the AM Peak pin (pin 3) as the REF
pin (pin 15).

Table 4 Reference Constant (Manchester encoded)

Bit Rate Cc4
9600 bps 0.022 pF
4800 bps 0.047 uF

9. RSSI Function

Direct current potential is output to the RSSI pin according to the input level of the IF AMP. Because the
RSSI output is converted into voltage by internal resistance, you can change the slope of the RSSI output by
connecting external resistor . In this case however, note that the difference in temperature coefficient
between external resistor £ and the IC-internal resistors might cause the temperature characteristics of the
RSSI output to change.

After connecting R

24 kO

MIX Input Level

Figure 4 Figure 5

10. PLL Block

XIN

{ 13 > | PDET |« 1/32
O cp || LOOP @

FILTER

Figure 6

The PLL is composed of 1/32 fixed dividing prescalers. Additionally, it is equipped with third order loop
filters. The charge pump current is 6.2 pA.

Loop Filter

CP VCO

Figure 7

11. VCO Block

This balanced oscillation type block has built-in oscillation transistors and variable capacitor diodes.
Oscillation frequency: 434 MHz band.
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12. Control P

ins

(1) ENABLE bits
These are the bits that perform ENABLE control on the entire circuit.

Set Enable to “High” after VcC has completely powered up.

(2) AM/FM switch

(3)  LPF switch
This bit controls the bit rate filter that is used. Please select this bit according to the bit rate.
Select the bit rate even when using the bit rate filter as a fixed filter, and select the bit according to the
local oscillation (XIN1/2). However, please set LPF C1 (pin 21) and LPF C2 (pin 24) to “Open”.

Note :

ENABLE Circuit
High ON
Low BS

AM/FM Modulation
High FM mode
Low AM mode

XIN Operation Mode
LPF SW Bit Rate
XIN2: GND XIN2: Mount
High High bit rate XIN1 XIN2
Low Low bit rate XIN1 XIN1

When not switching bit rate, it is possible to set XIN2 to “OPEN".

(4) CHARGE switch

Note 1:
Note 2: Do not set CHG SW (pin 5) to High.

CHARGE2 CHARGE1
CHG Sw LPF SW Operation Mode | Operation Mode
High ON OFF
OPEN i
Low OFF ON*
High ON OFF
Lo T
Low ON ON*
High Test mode*2

Example of controlling pins

When not using CHARGE1, set the CHARGE pin (pin 11) to “OPEN".

Bit Rate selection X1/ X2 selection XIN1 XIN2 LPF SW Clﬁ(FDZ
Use Use Mount Mount H/L Mount

Use Unnecessary Mount GND H/L Mount
Unnecessary Use Mount Mount H/L OPEN
Unnecessary Unnecessary Mount OPEN L OPEN

12
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or constant will be partially omitted or

circuit,

13

Start XOSC oscillation
“T-Lock” in the above diagram represents the time within which the PLL clock frequency converges to within

simplified in block diagrams to facilitate the explanation of functions in the diagram.
11 kHz of the set value.

There are cases where content such as a function block

Note :
Note 1:
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Cautions for Designing Circuit Board Patterns

Observe the following cautions when designing circuit patterns for this product.

Local Oscillation Circuit (Pins 1, 2)

e This circuit must be sufficiently isolated from the LNA block.

e The local oscillation circuit must be isolated so that it will not affect into the mixer input.
e The GND of the local oscillation circuit portion must be connected using narrow lines.

e  When using two crystal oscillators, be sure to sufficiently isolate each oscillator.

Data Output Block (Pin 12)

e Be sure to isolate the output pattern so the output will not affect other circuits and no noise will be generated
from any stages following the data output stage.

LNA Circuit Block

(1) Prevent LNA oscillation
e Be sure that the patterns do not get too close to the patterns of the RF input block (pin 13) and the
RF-DEC block (pin 14).
o Isolate the patterns of the input block (pin 13) and the output block (pin 16).
e Design the RF input lines to be as narrow as is practical.
e Be sure there are plenty of GND patterns between the RF-IN (pin 13) and RF-DEC (pin 14).

(2)  Secure gain
e To secure ample LNA gain, be sure to select the optimum value for the input matching circuit (pin
13) in accordance to the die pattern.

IC mounting block

e Be sure to provide GND underneath the mounted IC and prepare relatively many through holes.

Cautions for Mounting
e Do not mount the IC incorrectly. Incorrect mounting may result in failure, damage and/or
degradation to the IC and other devices used with the IC.

e Make connection to the power pins as close as possible to prevent voltage differences in the bypass
capacitor. In addition, be sure to use the correct type of capacitor with the correct capacity rating.

About solderability, following conditions were confirmed
¢ Solderability

(1) Use of Sn-37Pb solder Bath
- solder bath temperature = 230°C
- dipping time = 5 seconds
- the number of times = once
- use of R-type flux

(2) Use of Sn-3.0Ag-0.5Cu solder Bath
- solder bath temperature = 245°C
- dipping time = 5 seconds
- the number of times = once
- use of R-type flux
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Absolute Maximum Ratings (the temperature for unspecified temperature ranges is Ta =
25°C; voltage is ground referenced.)

Characteristics Symbol Rating Unit
Power supply voltage Vece 6.0 \%
Power dissipation Pp 780 mwW
Input pin voltage AEA,\/IEMCHDGFSSV\(/V 6.0 \%
Storage temperature range Tstg -55 to 150 °C

The absolute maximum rating is a technical specification that must never be exceeded, even for an instant. Please do

not operate at conditions which exceed this technical specification.

Operating Ranges

(the temperature for unspecified temperature ranges is Ta = 25°C;
voltage is ground referenced.)

Characteristics Symbol C-Ii-i:sljit Test Condition Min Typ. Max Unit
Power operating voltage range Vce — — 3.6 5.0 5.5 \%
Operating temperature range Topr — — -40 25 85 °C
RF operating frequency range FrRF — |IF =220 kHz 430 433.9192 435 MHz
XIN setting range 0SsC — | IF =220 kHz 40.2919 | 40.6593 | 40.7606 | MHz

The operating range indicates the conditions under which basic functional operation is possible even when there are
fluctuations in the electrical characteristics of a device.

Electrical Characteristics

(Unless otherwise specified, Ta=25°C, Vcc = 5.0 V, fin (RF) = 433.9192 MHz,
fin (Lo) = 40.6593 MHz, Dev = +20 kHz, CHG SW = Open, AM/FM = H, LPF SW =L, ENB = H).

RF + IF Block
e Test " . .

Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Current consumption when no signal _
(ASK mode) Icc (ASK) 2 (1) |V(Lo)=110dBuV 4.8 6.4 8.0 mA
Current consumption when no signal _
(FSK mode) Icc (FsK) 2(2) |V(Lo) =110dBunV 4.9 6.6 8.2 mA
Power consumption in battery saving | 23) |ENB=L 0 5 A
mode cco @) = — K
LNA gain 1 Gv (RF) 1 1(6) [50Q1/0 -9 -6 -3 dB
IF (L) band IFL 1 (1) |fo-3dB, RSSI pin (pin 10) — 60 80 kHz
IF (H) band IFH 1 (1) |fo-3dB, RSSI pin (pin 10) 300 360 — kHz
RSS! output voltage 1 VRssit | 1(1) | fin(Mix) < 25dBuVEME 025 | 05 | 075 | Vv
RSSI output voltage 2 VRssiz | 1(1) [ n Mix)=50dBLVEMF 1 13 | 16 | v
RSS! output voltage 3 VRssiz | 1(1) [ n (Mix) = 80dBLVEMF 185 | 22 | 255 | v
RSSI output resistance RRrssI 1(9) — 18 24 30 kQ

. Dev. = +20 kHz

Detection output level Vop 1) Vin(Mix) = 60dBuVEMF 73 94 115 [ mVrms
CHARGE?2 current IcHG2 — — 0.6 0.95 1.3 mA
Peak hold input resistance RpEAK 1(10) — 75 100 125 kQ
Peak hold current IPAEK — — 170 260 350 MA

15
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Characteristics Symbol C-Ii-?csutit Test Condition Min Typ. Max Unit
AM Peak pin (pin 3), ) ) }
Peak hold voltage VPAEK — |-5uAinput 140 115 90 mV
R9= 100 kQ
CHARGE?2 threshold (FSK mode) VTHEM — | Pin REF(pin 15), +5uA input 185 245 305 | mVp-p
Pin LPF IN(pin 22), 0.8V input .
CHARGE2 threshold (ASK mode) VTHAM — | Pin REF(pin 15), =5uA input 165 220 275 | mVp-p
. Vin (Mix) = 60dBuVEMF o
Waveform shaping output duty rate DR 1(2) Single tone 45 50 55 %
Comparator input resistance Rcowmp 1(10) — 75 100 125 kQ
Switchover switch pin input level VL — | AM/FM, LPF SW, ENB pins 0 — 0.2
Switchover switch pin input level VIH — | AM/FM, LPF SW, ENB pins 2.0 — 5.5
DATA output voltage (L level) VDATAL 1(7) |IpaTAL =200 pA — — 0.4
DATA output leak current (H level) IDATAH 1(8) — — 0 2 HA
Reference Characteristics Data*
Characteristics Symbol Test Test Condition T Unit
4 Circuit yp-

. e 600 bps (Manchester) dBuVv
Reception sensitivity (12dBSINAD) 12dBSINAD | 1(4) No SAW filter, dev = £20 kHz 0 EME
LNA gain 2 Gv (RF) 2 — | Vin (RF) = 50dBpVv 30 dB
LNA input capacitance C (RF)IN — — 2 pF
LNA input resistance R (RF) IN — — 1.2 kQ
Mixer conversion gain Gv MIX — | Vin=50dBnvV 275 dB
Mixer input resistance R Mmix —  |LNAOFF 0.8 kQ
Mixer input capacitance C MIX IN — |LNAOFF 2.5 pF
Mixer interception points IP3 — — 96 dBuVv
Mixer 1dB compression 1dB comp — | Input conversion value 85 dBuV
Image reduction ratio IRR — — 35 dB
IF amp gain Gv (IF) — — 61 dB

. . . Vin (mix) = 30dBuV, V(Lo) = 110dBuV,
Signal to noise ratio 1 S/N1 1(5) 600 bps (Manchester) 35 dB
. . . Vin (mix) = 60dBpV, V(Lo) = 110dBuV,
Signal to noise ratio 2 SIN2 1(5) |600 bps (Manchester) 53 dB
CHARGEZ2, 9600bps (Manchester),
Rising time T — | dev=%x20kHz, 1 ms
Time from Vcc ON to Duty more than 40%
VCO phase noise C/IN — | @500 kHz detuning points -90 | dBc/Hz
VCO conversion sensitivity VVIN1 — | VCO Frequency: 434 MHz band 80 MHz/V
Lockup time PLL lock — | Local external implantation 150 us
LPFC1SW pin ON resistance Rsw — |Vsw=0.2V 700 Q
Note that this item contains reference values and does not contain any guaranteed values.
Unit: dBuV indicates the load terminal display. (0dBm = 107dBuV = 113dBuVEMF @ 50 Q)
16 2010-10-13
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Typical Test Circuit

(The components illustrated in the test circuit diagrams that follow are only used to confirm
device characteristics. Toshiba does not guarantee that these components will prevent
malfunction or failure in your particular application device.)

w Vee =
S b
Vce - S
! C22 6pF
S8, Lo
50 9al KL A O
L * Sl S o3 3 TNC15 6pF L3
,% LLIS Lés_ f Lo 9 g 8 | X ® I/L:L}_ 27nH
2 - @ * =5 G =
~ R| ST77%3 w 3 = NSrETS w 2 Ty
i o L & 9 O 5°|1328:5 |88
5] 8] ¢ 188 B ° N7 o |08
24 23 22 13 (13)
“LPF “/LPF RF “RF
C2 ouT DEC IN
PLL
| Detector IF Filter I (%
| Comp
0
AM pPLL CHG PLL  AM LPF RX
XINT > \XIN2 @Peak A\GND /5§W @VCC (TVEM_ g\ SW _o\ENB 4®RSSI4‘1\Charg 1\ DATA

Uf &) ”iT \ T
. c gl ué T;i 2 d )
8%5”’ 3 AR l b° %

C2
1000pF
C20
047uF
R7
100 kQ

0

Test Circuit 1
(1) Vrssi, IFL, IFy (2) DR

1000pF 100k

SG sSG

SG sSG

510
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(3) Vod (4) 12dB SINAD
6 pF  1000pF
sSG SG
sSG SG
51Q
(5) S/N1, S/IN2, AMR
FSK Mode ASK Mode

1000pF 1000pF

(8) IpaTaH (9) Rrssi

* Set voltage to 0.2 V or less, then measure.
(10) RPEAK; RCOMP
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Test Circuit 2
(1) lccq FM (2) lccq AM
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Reference data (This is temperature characteristics data when it used evaluation boards.
This is not guarantee on condition that it is stating except electrical characteristics.)

Quiescent current consumption

(mA)

Ilcc

Quiescent current consumption

(mA)

ICanm.

(%]

RSSI output voltage VRss|

Quiescent Current Consumption vs.
Power Supply Voltage Characteristics

7 T
FM
/%
P
6 AM —]
5
4
f(Lo) IN = 40.6593 MHz
2 V(L0)|N=110dBuV
LPF SW: L
2 CHG SW: OPEN
<Meas. point>
; Ve at multi meter
BS
o 4
0 1 2 3 4 5 6

Power supply voltage Vcc (V)

Quiescent Current Consumption vs.
Power Supply Voltage Characteristics AM Mode

/
//—
8 o
/ 125°C
: /
6 // 25°C
5 / >,
I / -40°C
4
I I f(Lo) IN = 40.6593 MHz
2 l V(Lo) IN = 110dBuVv
ENB: H
P LPF SW: L
AMFM: H
CHG SW: OPEN
1 / <Meas. point>
0 Ve at multi meter

0 1 2 3 4 5 6

Power supply voltage Vcc (V)

RSSI Output Voltage Characteristics
(MIX input) FM Mode

f(Lo) IN = 40.6593 MHz
V(Lo) IN = 110dBuVv
f(MIX) IN

25| =433.9192 MHz
Vcc=5V

ENB: H, LPF SW: L

o| AMFM: H

CHG SW: OPEN
<Meas. point>

RSSI at multi meter

AL/

4

-20 0 20 40 60 80 100 120

125°C

25°C,

—

—40°C

MIX IN input level  V(mix) IN  (dBRVEMF)

Quiescent current consumption

lccgfm  (MA)

)

RSSI output voltage VRss|

(%]

RSSI output voltage VRss|

Quiescent Current Consumption vs.
Power Supply Voltage Characteristics FM Mode

T
125°C et
‘/
8 /’
7 / 25°C
6
: [
I -40°C
4
I I [ f(Lo) IN = 40.6593 MHz
2 l V(L0)|N=110dBuV
ENB: H
P LPF SW: L
AMFM: H
CHG SW: OPEN
1 / <Meas. point>
Ve at multi meter
0

0 1 2 3 4 5 6

Power supply voltage Vcc (V)

RSSI Output Voltage Characteristics
(MIX, RF input)

) RF-IN //

05—

V(Lo) IN = 110dBuV
4 f(RF) = f(MIX) in =
AMFM: H,
/ CHG SW: OPEN
<Meas. point>

AIX-IN

/ |

433.9192 MHz,
RSSI at multi meter

1.5 / |
f(Lo) IN = 40.6593 MHz
Vce=5V
ENB: H, LPF SW: L,
-20 0 20 40 60 80 100 120
(dBUVEMF)

Input level VN

RSSI Output Voltage Characteristics
(MIX input) AM Mode

f(Lo) IN = 40.6593 MHz
V(Lo) IN = 110dBuVv
f(MIX) IN

25| =433.9192 MHz
Vcc=5V

ENB: H, LPF SW: L

2| AMFM: L i
CHG SW: OPEN
<Meas. point>
RSSI at multi meter

1A
=

-20 0 20 40 60 80 100 120

125°C

25°C

N

[
-40°C

MIX IN input level  V(mix) IN  (dBRVEMF)

20
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Reference data (This is temperature characteristics data when it used evaluation boards.
This is not guarantee on condition that it is stating except electrical characteristics.)

S+N,N (dB)

S+N,N (dB)

S+N,N (dB)

S/N, AMR Characteristics (RF input), FM Mode
Filer for Low-Bit

10
S (-40°C) S (25°C)
0 7 |
\s 1z5c) | f(Lo) IN=40.6593 MHz
10 (125°C) | v(Lo) IN = 110dBuv -
AMR (125°C) f(MIX) IN = 433.9192 MHz
Vee=5V
—20 FM_Dev = +20 kHz —
fmod = 600 Hz
ENB: H, LPF SW: L
-30 AMFM: H, CHG SW: OPEN
<Meas. point>
0 N\ LPFOUT at audio analyzer
MR (-40°C)
AMR (25°C
-50
N (125°C)
60 N (25°C) N (-40°C)
-20 0 20 40 60 80 100 120

RF INinput level  V(RF)IN (dBUVEMF)

S/N, AMR Characteristics (MIX input), FM Mode
Filer for Low-Bit

10 | |
S (-40°C) S (25°C)
1
0 " 1
<~ o f(Lo) IN = 40.6593 MHz
S (125°C) N = tiodByy
~10 f f(MIX) IN
AMR [ 2433.9192 MHz
(125°C) |voo-5V
20 FM_Dev = +20 kHz
fmod = 600 Hz
\\\ (550 | ENB: H LPF SW: L
a0 7 "] AMFM: H, CHG SW:
OPEN
o | <Meas. point>
4 N (125°C) LPFOUT at audlo
740 ¢yl AMR ( 40°C)
| ™
-50
N (25°C) —>
-60 L

-20 0 20 40 60 80 100 120

MIX IN input level  V(mix) IN  (dBRVEMF)

S/N, AMR Characteristics (MIX input), AM Mode
Filer for Low-Bit

10 |
S (-40°C)
0 -\
S (25°C)
7 N (25°C) f(Lo) IN = 40.6593 MHz
( V(Lo) IN = 110dBuV
-20 f(MIX) IN = 433.9192 MHz
N Vce =5V, AM_Depth = 90%
(-40°C) fmod = 600 Hz
-30 ENB: H, LPF SW: H
AMFM: L, CHG SW: OPEN
<Meas. point>
_4 () [r— LPFOUT at audio analvzer

()
[

S (125°C)

N (125°C
0 )

-20 0 20 40 60 80 100 120

MIX IN input level  V(mix) IN  (dBRVEMF)

S+N,N (dB)

S+N,N (dB)

(mVrms)

Demodulation output level

S/N, AMR Characteristics (RF input), FM Mode
Filer for High-Bit

20 f(Lo) IN = 40.6593 MHz, V(o) IN = 110dBpV
o f(MIX) IN = 433.9192 MHz, Vcc =5V,
10 S (125°C) | F_Dev = +20 kHz, fmod = 9600 Hz
ENB: H, LPF SW: H, AMFM: H, CHG SW: OPEN
<Meas. point>
0 LPFOUT at audio analyzer
\ S (25°C)
S (-40°C) AMR (125°C)
-10 ~
AMR (25°C)
71
-30 N4 T
AMR (-40°C)
N (125°C)—4+——>
40 { ) /
50 N (-40°C) N (25°C)
-20 0 20 40 60 80 100 120
RF INinput level  V(RF)IN (dBUVEMF)
S/N, AMR Characteristics (MIX input), FM Mode
Filer for High-Bit
10
—
S (-40°C) S (25°C)
0
\SLQ) IN = 40.6593 MHz
(Lo) IN = 110dBpV
\SMIX) IN =433.9192 MHz
-10 CC =5V, FM_Dev = +20 kHz
S (125°C) fmod = 9600 Hz
ENB: H, LPF SW: H
-20 AMFM: H, CHG SW: OPEN
<Meas. point>
LPFOUT at audio analyzer
-30 T A
N (125°C)—]
-40
N (25°C) AMR (125°C)
-50 } t
N (-40°C)’| AMR (-40°C) | 1o (25°C)
60 I i

-20 0 20 40 60 80 100 120

MIX IN input level  V(mix) IN  (dBRVEMF)

Demodulation Output Level vs.
Power Supply Voltage (FM)

200
—40°C
180
25°C 1>
160
140
125°C ——
120
100
80
f(Lo) IN = 40.6593 MHz
60 V(Lo) IN = 110dBpV
f(MIX) IN = 433.9192 MHz
40 Vce =5V, FM_Dev = +20 kHz
fmod = 600 Hz, V(MIX) IN = 60dBuVemf
ENB: H, LPF SW: L, AMFM: H, CHG SW: OPEN
20 .
<Meas. point>
0 AF_OUT at audio analyzer
0 1 2 3 4 5 6 7

Power supply voltage Vcc (V)
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Reference data (This is temperature characteristics data when it used evaluation boards.
This is not guarantee on condition that it is stating except electrical characteristics.)

Mixer output level  V(mix ouT) (dBpV)

@ o

o T

= ‘< | Detuning

K} characteristics -40°C)
g 10 A .

2 f(Lo) IN = 40.6593 MHz

s 2 V(Lo) IN = 110dBpv

T V(MIX) IN = 0dBLVEMF

S Vce =5V, FM_Dev = +20 kHz
Z 30| fmod = 600 Hz

MIX Intercept Point

140

Vcec=5V L] A /4
Linea region of
f< Desired wave > I desiredgwave 7 /Desired'
(SG1) IN =433.9192 MHz wave
120} f(sG2) IN = OFF T 4 r
< Interference wave > Y y ¢
f(SG1) IN = 433.4192 MHz g
f(SG2) IN = 432.9192 MHz // /
100] f(REF) IN = 40.6593 MHz 7 _1
V(REF) IN = 110dBpV /
Intercept point: 98.0dBuV 7 7 |
<Meas. point> 7 Interference
80| MIXOUT at Spectrum X wave ]
analyzer

4 N LI
60 / Linea region of
g Interrerence waveTj
/ /
4
40
7
20
20 40 60 80 100 120
SGinput level  V(mix IN) (dBpV)
Detuning Characteristics
20

Detuning
characteristics (12|5°C)

ENB: H, LPF SW: L, AMFM: H
CHG SW: OPEN

<Meas. point>

AF_OUT at audio analyzer

characteristics (25°C)

hall
Detuning

0 100 200 300

400

500

IF_(MIX IN) (kHz)

600

Waveform Shaping Duty Ratio vs.
Power Supply Voltage Characteristics FM Mode

52 |
< Duty (25°C)

50
o 1

-~
a ™~Duty (-40°C)
o 8 '
s o f(Lo) IN = 40.6593 MHz
©
g Duty (125°C) V(Lo) IN = 110dBLY
_g 46 f(RF) IN = 433.9192 MHz
o Vce=5V
g_ FM_Dev = +20 kHz
s 44 fmod =600 Hz
[Z] ENB: H
£ LPF SW: L
£ AMFM: H
z ¥ CHG SW: OPEN
= <Meas. point>
RX DATA at oscilloscope
40
0 1 2 3 4 5 6

Power supply voltage Vcc (V)

700

S-curve output voltage (V) V(MIX OUT) (dBpV)

Waveform shaping duty ratio DR (%)

MIX1dB Compression

160
2
4
7
120 >
/ g
80 Vd
/ Vcec=5V
/] f(MIX) IN = 433.9192 MHz
/ f(Lo)IN = 40.6593 MHz
V(Lo) IN = 110dBpV
40 .
1dB compression level:
85.5dBuV
<Meas. point>
MIXOUT at spectrum analyzer
0
0 40 80 120
V(MIX IN)  (dBprV)
S-Curve Characteristics (MIX IN)
3.5
S-curve (25°C)
4
1
2.5
S-curve (—40°C)
2
S-curve (125°C)
1_: 1 I
f(|_o) IN = 40.6593 MHz
V(Lo) IN = 110dBuVv
1 V(MIX)IN = 60dBuVEMF
Voe =5V, ENB: H, LPF SW: L
05 AMFM: H, CHG SW: OPEN
<Meas. point>
0 AF_OUT at multi meter
0 100 200 300 400 500 600 700

IF_(MIX IN) (kHz)

Waveform Shaping Duty Ratio vs.
Power Supply Voltage Characteristics AM mode

52
25°C
50
P—
r' <«—-40°C
48 1
. f(Lo) IN = 40.6593 MHz
128°C V(Lo) IN = 110dBpV
46 f(RF) IN =433.9192 MHz
vee=5V
AM_Depth = 90%
fmod =600 Hz
“ ENB: H
LPF SW: L
AMFM: L
2 CHG SW: OPEN
<Meas. point>
RX DATA at oscilloscope
40
0 1 2 3 4 5 5

Power supply voltage Vcc (V)
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Reference data (This is temperature characteristics data when it used evaluation boards.
This is not guarantee on condition that it is stating except electrical characteristics.)

(dB)

Interference suppression ratio

12dB SINAD sensitivity (dBuVEMF)

Detuning Sensitivity Characteristics

10, —“ /
5
FM mode '/
\ +20 kHz 4
o AN /
\L NI
p — 4
_5 FM mode /
+40 kHz / fo =433.9192 MHz
Vce: 5.0V
f(Lo) IN
0 AM mode L8503 MHz
N <AM mode> <FM mode> Xtal input
AM depth: 90% Dev.: +20 kHz, +40 kHz
Waveform: Square fmod = 600 Hz
- <Meas. point> LPFOUT at audio analyze
433.7 433.8 433.9 434 4341 434.2 434.3
RF IN input frequency f(rRF)IN (MHz)
Un-modulated Signal
Interference Characteristics FM Mode
70 f(Lo) IN = 40.6593 MHz, V(Lo) IN = 110dBpV
fd(RF) IN = 433.9192 MHz
60| fu(RF) IN = 433.2192 MHz ~435.0192 MHz
VCC = 5 V, FM_Dev = +20 kHz \
fmod = 600, 9600 Hz —
50| T T
T 9600 Hz
40
30 1
600 Hz /
20|
ENB: H,
AMFM: H,
10 CHG SW: OPEN
<Meas. point>
0 LPFOUT at
audio analyzer
-10
433 433.4 433.8 434.2 434.6 435
RF IN interference frequency furr)N (MHz)

Data comparator, Response Characteristics
of Rise Time FM Mode (bit rate = 600 Hz)

H
LPF_OUT
L REF
ENB /
- vZ Z -
IF N >
Veo: 5V

C

freym = 433.9192 MHz

Vire) v = 50dBuVeye

X'tal [MHz] = 40.6593

Bitrate = 600 Hz

Deviation: +20 kHz

0 REF_C: 0.047 uF
CHG SW -th R 100 kQ

DATA_OUT Waveform: Ecuar

L ||

0 1 2 3 4 5 6 7 8 9

Rise time T (ms)

V)

Output voltage VRss|

IF Filter Characteristics

5
2 f(Lo) IN = 40.6593MH7
V(Lo) IN = 110dBpV
[ r— V(MIX) IN
2 T = 80dBUVEMF
Vcc =5V, ENB: H
LPF SW: L, AMFM: L
J <Meas. point>
\ 25°C RSSI at multi meter
15 T
-40°C
1
0.5
125°C
0 1
0 200 400 600 800 1000

IFoMix INy  (kHz)

Data Comparator, Response Characteristics
of Rise Time AM Mode (bit rate = 9.6 kHz)

ENB
[ [ [
Vee: 5V
freymn = 433.9192 MHz
LPF_OUT V(RF) = 50dBuVeye

REF | X'al [MHz] = 40.6593
Bitrate = 9.6 kHz

AM Depth: 100%
REF_C: 0.047 uF

0] Peak_C: 0.022 uF

DATA_OUT Waveform: Square

pd — T

L |.| II

0 400 800 1200 1600

T

Rise time T (us)

Data comparator, Response Characteristics
of Rise Time FM Mode (bit rate = 9.6 kHz)

REF

ENB

I\ W.W

\"4\4

Vee: 5V
freym = 433.9192 MHz
Vire) v = 50dBuVeye
X'tal [MHz] = 40.6593
Bitrate = 9.6 kHz
Deviation: +20 kHz
REF_C: 0.047 uF
CHG SW -th R 100 kQ
Waveform: \I?’cuarel

LPF_OUT1+—>

T
DATA_OUT

0 400 800 1200 1600

Rise time T (us)
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Application Circuit (Toshiba does not guarantee this application circuit example as a
production design. Please evaluate carefully when developing the production design for
your application.)

(1) FSK mode, Bit rate selection: use, XIN1/ XIN2 selection: unnecessary, CHARGE1/2 selection: use

w V
e _4(;3
Vee % c16
C22 6pF
) O P
RN
W ° = s 3 C15 6pF
8- w w c (o] ° | E L
4 s | o f ;%N ~ =< :% | » E I/IE'
< o N S0 © o 3 vl N~ |«
~ o) © [T © H I T —=o. WL
X | & e SO Te28
5 8l | g8l ® " b RlE
24 23 22 21 20 (19) 18 1 (16) (A5) 14
LPF “/LPF \ALPF N/LPF “/GND NYAF  “CHG “yoc TMIX “Rep
c2 OuT | IN c1 OUT  Vith IN
._<]> RSSI

PLL
| Detector IF Filter I %

| Comp
AM PLL CvHvG PLL  AM LPF RX
TKINT 5 \XIN2 @Peak@GNDQ—ﬁ @Vcc 7YEM @SW @ENB /m\RSSIﬂﬂ\Charg 19 PATA
"/ 2/ o/
N
I L
= TR =2 c
2 =y =LT)s © 8813 |Esg
8 I i /l sT ' 2 /l OTS©o Io =
g l 7 - o Vee
— O 5 Vee Vee
x Vee
SAW filter: Murata Manufacturing (SAFCH434MAMOTO00)
X1: RIVER ELETEC (FCX-03)/ KDS (DSX530GK)

*: R9 value is reference. Please evaluate carefully when developing the production design for your application

Data Rate

LPF SW Lo Hi

Data Rate (Manchester encoded) 600 bps | 9600 bps

Example of controlling pins

LPF SW [ CHG SW

Hi bit rate, CHARGEZ2 use H OPEN
Low bit rate, CHARGE1 use L OPEN
Low bit rate, CHARGEZ2 use L L
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Application Circuit (Toshiba does not guarantee this application circuit example as a
production design. Please evaluate carefully when developing the production design for
your application.)

(2) ASK mode, Bit rate selection: use, XIN1/ XIN2 selection: unnecessary, CHARGE1/2 selection: use

"'5_ Vee
S e
VCC =
L
-9, L
[TH o ¢
=3 L
s ! s| |#
S| 5 |stisS g1l ;
Sl RLIST]"8 | 8 o x
-’ N Qo
[} © o3 §
O 8 @] /T\O‘Lf_)
24 23 22) 21 20 (19)——(18)——(17—(16) {
“PLPF “LPF “\ZLPF NYLPF “~/GND “YAF “7CHG ““\/c “TMIX
c2 OouT | IN C1 OUT  Vith
<]> RSS!

PLL
| Detector IF Filter I ?

| Comp
AM PLL C\';'\/G PLL  AM LPF RX
TKINT 5 \XIN2 @Peak@GND/g? Bvee 7VEM _a\SW 5\ENB /10\RSSI/1‘1\Charg 19DATA
N N N\
T S w
= S w 5 S g
8 5y S 2l L5 ©lSRL3 |E:g
B Sk A7 L] °A= % .
= P
© O (@] Vee Vee

X1

VCC

SAW filter: Murata Manufacturing (SAFCH434MAMOTO00)

X1: RIVER ELETEC (FCX-03)/ KDS (DSX530GK)
Data Rate
LPF SW Lo Hi
Data Rate (Manchester encoded) 600 bps 9600 bps
C4 CHARGE2 not use 0.022 pF

*: C4 value is reference. Please evaluate carefully when developing the production design for your application

Example of controlling pins

LPF SW | CHG SwW

Hi bit rate, CHARGE?2 use H OPEN

Low bit rate, CHARGE1 use L OPEN
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Application Circuit (Toshiba does not guarantee this application circuit example as a
production design. Please evaluate carefully when developing the production design for

your application.)

(3) FSK mode, Bit rate selection: unnecessary, XIN1/ XIN2 selection: unnecessary, CHARGE1/2 selection: use

LPF \ILPF \JGND\

RSSI

5 Ve
Vee c16
C22 6pF
L
_ %’—J‘ 0.01pF
e [GXRN ;
[qV]
. - 3 % 2815 6pF
FS L e [ [h'q LL
§|8fLisE g1 oo T =
S 3 ¥ o o x| N-Sls o
< L < O cOTSo2a
< N 058
24 23 2N (19) 18 1 (16) A5)
RS PAF NJCHG “yee TMIX g \“RF
c2 ouT OUT  Vth IN IN

| Detector IF Filter I

\[RF 3
EF DEC

| Comp
AM PLL CvHvG PLL  AM LPF RX
TXINT S\XIN2 @Peak/a\GND/é% (BYee_7VFM g\ SW 5\ENB GO\RSSI/ﬂ\Charg 12\DATA
o/ N o/
N
T w
= w s = g
2 Tls 21| g3 ° 18513 |E:g
8 - /l sT = ,J, OoTeo 1o -
Q l P
< — N
- ) O Ve Vee Vee
x Vee
SAW filter: Murata Manufacturing (SAFCH434MAMOTO00)

X1:

RIVER ELETEC (FCX-03)/ KDS (DSX530GK)

*: R9 value is reference. Please evaluate carefully when developing the production design for your application

Data Rate

LPF SW Lo Hi
Data Rate (Manchester encoded) 600 bps
Example of controlling pins
LPF SW | CHG sSw
H OPEN
CHARGE2 use
L L
CHARGE1 use L OPEN
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Application Circuit (Toshiba does not guarantee this application circuit example as a
production design. Please evaluate carefully when developing the production design for
your application.)

(4) FSK mode, Bit rate selection: use, XIN1/ XIN2 selection: use, CHARGE1/2 selection: use

w V
e u_—l?f
Vece AR o:
<
L4 o
s 1 S| &
1
S| B |sfisE gl o ;
< o N ¥ o w3 ©
N © L © v © @ 5
1 L& 2
™ [ee] O
(@] ~—
24 23 (22) /T\ (19) 18 1 A6
“JLPF “/LPF \/LPF LPF Do ar “CHG ~yee
c2 ouT OUT  Vih
<]> RSSI

PLL
| Detector IF Filter I %

| Comp

AM  pLL CHG  pLL  AM LPF RX
TKINT 5 \XIN2 @Peak@GNDﬁ @Vcc 7YEM @SW @ENB /m\RSSI 7Charg 19 PATA

=/
T w
s TR =2 G
[T

=== 2[T]s 01813 |k:s
e i i /lo;lﬁ' i 2 /l 0TS Ts =
=
< N -~ NV
- ~ I (&) o Jee Vee Vee
P X 2 »

3 cc

©

o

<

SAW filter: Murata Manufacturing (SAFCH434MAMOTO00)
X1/ X2: RIVER ELETEC (FCX-03)/ KDS (DSX530GK)

*: R9 value is reference. Please evaluate carefully when developing the production design for your application

Data Rate

LPF SW Lo Hi

Data Rate (Manchester encoded) 600 bps | 9600 bps

Example of controlling pins

LPF SW | CHG SwW Xtal

Hi bit rate, CHARGE?2 use H OPEN XIN2
Low bit rate, CHARGE1 use L OPEN XIN1
Low bit rate, CHARGE2 use L L XIN1
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Package Dimensions
SSOP24-P-300-0.65A Unit : mm
24 13 )
AHAHARAAARA ——  f e
o
O (&}
-+ ~+|
©| ©
w M~
O
THHH"HHHHHH____JL =
1 H 12
0.325TYP . A 0.2240.1 rgyo—==
0.65
) 8.3MAX .
7.8%0.2 R
N ¢ 0
o <« —<
cﬂm"g 3R
it e < &
-3 <
Q‘j ‘I l_0.45i0.2
S e
Weight: 0.14 g (typ.)
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation, and its subsidiaries and affiliates (collectively “TOSHIBA”), reserve the right to make changes to the information
in this document, and related hardware, software and systems (collectively “Product”) without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product’s quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product,
or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all
relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for
Product and the precautions and conditions set forth in the “TOSHIBA Semiconductor Reliability Handbook” and (b) the instructions for
the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their own product
design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or
applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams,
programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating parameters for
such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS’ PRODUCT DESIGN OR APPLICATIONS.

Product is intended for use in general electronics applications (e.g., computers, personal equipment, office equipment, measuring
equipment, industrial robots and home electronics appliances) or for specific applications as expressly stated in this document.
Product is neither intended nor warranted for use in equipment or systems that require extraordinarily high levels of quality and/or
reliability and/or a malfunction or failure of which may cause loss of human life, bodily injury, serious property damage or serious public
impact (“Unintended Use”). Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used in the
aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, devices related to electric
power, and equipment used in finance-related fields. Do not use Product for Unintended Use unless specifically permitted in this
document.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to
any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation,
for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction weapons). Product and related software and technology may be controlled under the Japanese Foreign
Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or related software
or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations.
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