NPC

NIPPON PRECISION CIRCUITS INC.

SM9501A/B

Radio Controlled Clock Receiver IC

OVERVIEW

The SM9501A/B is a BICMOS RCC"! receiver IC. It accepts low frequency standard
from an external antenna, amplifies it, detects the data signal, and outputs a digital time ¢

*1. Radio controlled clock

FEATURES

Operating supply voltage range

e 2.4t0 3.6V (A version)

* 4.5t0 5.5V (B version)
Operating current consumption

* 55UA (typ) @3V (A version)

* 55uA (typ) @5V (B version)
Standby current consumption

* 0.14A (max) @3V (A version)
* 0.14A (max) @5V (B version)
High sensitivity: 0.5uVrms input
Wide frequency range (35kHz to 80kHz) O
Include analog switch for antennatuning capaci-
tors change

AGC gain hold function

External crystal filter connection

BiCMOS process

Package:16-pin VSOP, Chip form

ORDERING INFORMATION

Device U Package
SM9501AV )7
N 16:pim\SO
smesotBY (A
CF9501A Shglom )/

Y/

ve input received
ignal.

Z

PINOUT
(Top view)
\U/ N
VDDA [(] 1 16[ ] VDD
INT D ] PON
N3 ] out
IN2 y ] vss
| ] HLDN
X [ JcP
C ] c8
XI[]8 9[]LF
%
'ACKAGE DIMENSIONS
(Unit: mm)
EITEL — g
O < ©
JLILLE

1.15+0.1
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SM9501A/B

PAD LAYOUT (CF9501A)

(Unit: wm)
VDDA VDD (1430,2360)
1 6
INT PON
IN3 ouT
IN2 g | ™
VSS
FCN =
g |HLDN
xo | [6]
=9 (O ’
VSSA g |cB
DA9501
NPC
Xl :Lw

(0,0) U

Chip size: 1.43 x 2/36
Chip thickness: 300«
PAD size: 100pm (TN: 80y

Chip base:ysglev\el
PAD NAME and DIMENSIONS (CF9501A)

%

Number && \7 Pad dimensions [um]
() UV x v
il VD&\\ / 386 2117
N R4 177 2035
“\3\ \w\s / 177 1766
4 Ng/ 177 1486
A \ /CN 177 1217
( (6/ \ Y xo 177 937
\7(_ V] s 177 P
(/ 8 Xl 177 288
[ S LF 1237 286
M CcB 1237 555
4 cp 1237 809
\\ 12 HLDN 1237 1078
// I ves 1237 1302
14 ouT 1237 1755
W PON 1287 2035
e VDD 1031 2117
- ™' 1257 1506

1. For test mode
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SM9501A/B

BLOCK DIAGRAM
PON ouT VSS HLDN CP CB
| | H—E—B Al
/1
VDDA H Bias Decoder 0
e
€ak/Bottom )
[ Hold Det.
AGC Control
INT ——— N
5
Rectifier LPF
IN3 B
[
IN2 m
| H—E—a [\ 14 |
FCN XO VSSA Xl LF
PIN DESCRIPTION
Number Name 1o’ AIPff ( \7 Description
1 VDDA = NGO amplfiér (+) supply input
2 IN{ N A \Am\enryﬁnpun (fixed input)
3 IN3 / | Lf\A Anté{na input 3 (via analog switch)
4 IN2 | A\ %tenna input 2 (analog switch bypass)
5 FCN Ipu D N Analog switch control input (active LOW)
6 X0 @ \g Output for crystal filter
7 VSSA ( ( / N X | AGC amplifier (-) supply input
8 Xl ~ \ L / A Input from crystal filter
9 LN / \e\/ A Rectifier LPF capacitor connection
10 C@\ 0 A Bottom hold detector capacitor connection
1 CP \g/ A Peak hold detector capacitor connection
12 Z/Ipu D AGC gain hold control (active LOW)
13 [\1 ( VSS \\ - A Substrate (-) supply input
14 [~ \%T / / 0 D Clock time code output (active LOW)
15 \R(m Ipu D Standby state control input (active LOW)
16 VDD / - A (+) supply input
- N U Ip D AGC amplifier gain control switch (active LOW, for test mode)

1. l:input, O: output, Ipu: input with pull-up resistor, —: supply pin
2. A:analog signal, D: digital signal
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SM9501A/B

SPECIFICATIONS
Absolute Maximum Ratings
Vgg =0V
Parameter Symbol Condition Rating & Unit
Supply voltage range Vop —0.3t0+7.0 v v
)
Input voltage range ViN —0.3t0 VD/DAM v
Power dissipation Pp 16-pin VSOP 75(5'§ mw
S . 16-pin VSOP 7@5&@25 \ °C
torage temperature range
* Chip form %’5\9@0\ » @
Recommended Operating Conditions y
Parameter Symbol Condition \Ratﬁg Unit
A version '\{ ( \ﬂ4 t0 3.6 v
Supply voltage range Voo 5 vors Z/ 151055 v
version [,\ 5105.
Averson = ) 2010470 °C
Operating temperature range Topr
B version [,\ Z/ —40 to +85 °C

&
<

o/
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SM9501A/B

Electrical Characteristics

9501A version

Vpp =2.41t0 3.6V, Vgg = 0V, Ta =-20 to +70°C unless otherwise noted.

ol
Ratin
Parameter Symbol Condition /g/ \ Unit
min %p max
Minimum operating voltage VN - K&\Q
Maximum operating voltage Viax 3.6 ‘{ - = v
Maximum operating current | Vpp = 3.0V, no input signal, B 65 100 A
consumption’ DDM | PON:VSS, OUT: OPEN H
Vip = 3.0V, 500ms pulsewidth, D w4
Operating current consumption’ lpoT 0.1mVrms input (differential input), < - pA
PON: VSS, OUT: OPEN /\ .
Standby mode current consumption lsr | PON, FCN, HLDN: VDD or OPEN [ —/ N ‘}! 0.1 VA
Minimum input voltage range Vemin | IN1-IN2 differential input N IL L } 0.5 1.0 pvrms
Maximum input voltage range Vewax | IN1-IN2 differential input /_\ 80— - - mVrms
Input frequency Fw | IN1-IN2 differential input 'J / \3? - 80 kHz
Analog switch resistance Ra | VIN2-IN3] = 500V, Vo = ovL\\ A - 15 Q
Startup time? ton When supply\iaaéplied - - 8 sec
IAN
Startup time? (PON) tron From standby mode [/\ ?/ - - 8 sec
PON input current 4 ViN=0V \7 - - -15 pA
FCN input current o |VN=0V Y/ - - -15 pA
HLDN input current s | V=0V { / \4 - - -15 PA
LOW-level output current loL Vpp = 2/,\1,1561{0.5v 10 - - pA
HIGH-level output current lon Vpp = /Z/ZW, wk/) -10 - - pA
Gain hold time tHo + #ﬁ%\\@e >/ - - 1 sec
Fall time output propagation delay3 \)IDN - - 160 ms
Rise time output propagation d7¢aﬁ tup / - - 200 ms
LOW-level output pulsewidth* (éoa@ Tooo = 26/60kHz, standard crystal, 100 200 300 ms
7 NPCstandarg/ig

LOW-level output pulsewidth® (500ms) Ts0d Vi = 1uVrms to 80mVrms 400 500 650 ms
LOW-level output pulsewidth* (800ms) Taoo 700 800 900 ms
Noise rejection ratio® //7 /@/N - - 9 dB

1. Measured using the standard cir

2. The time taken under stable wa
within ratings.

3. The time taken, with 10
Note that this characte|
alent circuit coefficients:

4. Values obtained when using the
considered as reference values.

f [kHz] L1 [kH] C1[fF] R1 [kQ] Co [pF]
40 6.70280 2.36228 11.4492 1.42773
60 5.17396 1.36007 13.4826 1.04927

it.
J\Aécf/)ditims rom when power is applied or standby is released, using PON, until stable digital output occurs

pUt signal al fatio and 500ms pulsewidth, from when a change in signal input occurs until the output OUT changes.

ig very dependent on the antenna and crystal filter characteristics. The standard crystal used here has the following equiv-

ptlard crystal employed here. Note that these values are dependent on the crystal characteristics, and should be

5. Time averaged rms values, where the noise is white noise and the measurement bandwidth is determined by the crystal filter equivalent used in the

standard circuit.
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SM9501A/B

9501B version
Vpp =4.5t05.5V, Vgg = 0V, Ta = —40 to +85°C unless otherwise noted.

Rating
Parameter Symbol Condition Unit
min typ max
Supply voltage Voo 45 500N\ 55 v
Maximum operating current | Vpp = 5.0V, Ta = 25°C, no input signal, _ 0 A
consumption’ DOM | PON:VSS, OUT: OPEN H
Vip = 5.0V, Ta = 25°C, 500ms pulsewidth, j
Operating current consumption1 lpoT 0.1mVrms input (differential input), - 55 - pA
PON: VSS, OUT: OPEN
! PON: VDD or OPEN, FCN: VDD or OPEN, J
Standby mode current consumption IsT HLDN: VDD or OPEN - - % 0.1 pA
“No - _ U
Minimum input votage range Veun IN1 INz;dlﬁerentlaI input, FIN = 40kHz, 60kH < . 10 uvrms
Ta=25°C I
Maximum input voltage range Vewax | IN1-IN2 differential input, FIN = 40kHz, B0KHA 96( l/ - - mVrms
Input frequency Fin IN1-IN2 differential input ék/ - 80 kHz
Analog switch resistance Ra VN2 = 0V, Ving = 50mV / = - 15 Q
Startup time? ton When supply is applied / > \ V - 8 sec
Startup time? (PON) tron From standb§\mglie H - - 8 sec
Gain hold time thip + 3dB change / w 1 - - sec
ViL PON, FCN, HLDN pins \/7 - - 05 v
Input voltage
VK PON, FCN, HLPN—péﬁs\ w 0.8Vpp - - v
| V| =0V, PON, FCN, MLDN pins - - -32 pA
Input current L L /F/\HLQ\M\/)
| V= Vw.,l?-d)N\FCN, HLDNW{ - - 0.1 YA
LOW-level output current = \O‘SV\/) 10 - - pA
HIGH-level output current -10 - - pA
Fall time output propagation delay3 - - 160 ms
Rise time output propagation de{la\y3 - - 200 ms
LOW-level output pulsewidth® @@ 100 200 300 ms
LOW-level output pulsewidth* (500ms) 400 500 650 ms
LOW-level output pulsewidth? (800ms) 700 800 900 ms
Noise rejection ratio® - - 9 dB

1. Measured using the standard cirgyit.
2. The time taken under stable wavg'\ iti rom when power is applied or standby is released, using PON, until stable digital output occurs

within ratings. r
put si

3. The time taken, with 10:1
s very dependent on the antenna and crystal filter characteristics. The standard crystal used here has the following equiv-

Note that this characte

f [kHz] L1 [kH] C1 [fF] R1 [kQ] Co [pF]
40 6.70280 2.36228 11.4492 1.42773
60 5.17396 1.36007 13.4826 1.04927

4. Values obtained when usin
considered as reference values.

5. Time averaged rms values, whe
standard circuit.

ard crystal employed here. Note that these values are dependent on the crystal characteristics, and should be

the noise is white noise and the measurement bandwidth is determined by the crystal filter equivalent used in the
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SM9501A/B

STANDARD CIRCUIT

ol | pey—h K\

IN1 PON 2
&

]
+ IN3 out —{
- o8 g IN2 vss —
5t
7)7—

FCN HLDN L/\

XO CP

\ \ VSSA Za
100kQ 5.1kQ
| | X
| 12pF E12p|= \ 1uF
40kHz = — 60kHz
*1. These values are obtained when using NP@ndard crystal and d gnsidered as reference values.

In case of using differnt crystal, the values are differen

APPLICATION CIRCUIT

R{A VDD j L

1 PON
CONTROLLER
IN3 ouT
IN2 VSS 77 r
FCN HLDN
X0 CP

VSSA cB
X LF
0.22uF | 1pF 1uF

*1. Theseyalues are obtained when using NPC's standard crystal and should be considered as reference values.
In case of using differnt crystal, the values are different.
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SM9501A/B

FUNCTIONAL DESCRIPTION

Antenna Input and Tuning Capacitor Switching Function

There are three antenna inputs: IN1, IN2, and IN3. When FCN is open (or internal analog switch is
OFF and IN1-IN2 are the antenna inputs (60kHz mode). When s LOW; nalog switch is ON, con-
necting IN3 and IN2. C2 is then connected in parallel to C1 in i ircyit, reducing the resonant fre-
quency (40kHz mode).

~
FCN Analog switch Al\ier/na inp{;{ Wacitor Receiver frequency
Open or HIGH OFF Between IN1 arfg IN2 )/ 60kHz
LoW ON Between IN1 and IN2, IN3Y \eﬁh C2 parallel 40kHz

FCN should be left open if not using the tuning capacitor switc

IN3 externally.
AGC Amplifier and Gain Hold Fung

mg function, and IN2 should be connected to

The input voltage from the antenna is amplifie W5C amplifier. The gain can be monitored by the volt-

HLDN i
Open or HIGH \yraciing )
Low ) Gaeind /

CP
Peak Hold Detector %*-
[cs
Bottom Hold Detector *-T
C
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SM9501A/B

Crystal Filter Circuit

X0 X1

Rx40

Cx40 —WA—{]] 40kHz

Rx60

Cx60 —W— ] 60kHz

External crystals are used as filters. Multiple frequencies (40kHz and 60kHz)
crystals in parallel. The center frequency and bandwidth of the filters is determjie cacteris-
tics. If the center frequency is lower than the target frequency, Cx40 and Cx60 ca d the res-

pin XI by a phase-inverted signal passed through a capacitor, which cang he high-frgguency components
that pass through the crystal parallel capacitances.

Detector Circuit

The amplified signal is full-wave rectified and passed through a Jéwpas eteCtor. The detector output is
input to peak hold (pin CP) and bottom hold (pin CB) circuits der reference potentials and
peak hold potential for AGC control.

Peak hold
i Peak/
Amplifier Rectiier Bottom
Hold
Bottom hold
Vss potential — - — - — - — - —- Vss potential Vss potential — - — - — - — - —-
Decoder Circuit
The detector output and peak@tom hold mid potential reference are used to decode the time code sig-
nal, which is output on pin OUT. Th OW, so that the output is LOW when the input ampli-
tude is HIGH.
Rectifier
LPF Vop potential —-—- -

Vss potential  — /-\(?— 2 Decoder | OUT output |

Vss potential o

When PON is open (or , the device is in standby mode and the current consumption is reduced. Receiver
operation starts when PON/goes LOW.
PON Mode ouT
Open (or HIGH) Standby HIGH
Low Operating Time code
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£A
5
&

Please pay your attention to the following points at time of using the products shown in this document.

The products shown in this document (hereinafter “Products”) are not intended to be used for the apparatus that exerts harmful influence on
human lives due to the defects, failure or malfunction of the Products. Customers are requested to obtain prior written agreement for such
use from NIPPON PRECISION CIRCUITS INC. (hereinafter “NPC”). Customers shall be solely responsible for, and indemnify and hold NPC
free and harmless from, any and all claims, damages, losses, expenses or lawsuits, due to such use without such agreement. NPC reserves
the right to change the specifications of the Products in order to improve the characteristic or reliability thereof. NPC makes no claim or
warranty that the contents described in this document dose not infringe any intellectual property right or other similar right owned by third
parties. Therefore, NPC shall not be responsible for such problems, even if the use is in accordance with the descriptions provided in this
document. Any descriptions including applications, circuits, and the parameters of the Products in this document are for reference to use the
Products, and shall not be guaranteed free from defect, inapplicability to the design for the mass-production products without further testing
or modification. Customers are requested not to export or re-export, directly or indirectly, the Products to any country or any entity not in
compliance with or in violation of the national export administration laws, treaties, orders and regulations. Customers are requested
appropriately take steps to obtain required permissions or approvals from appropriate government agencies.

NIPPON PRECISION CIRCUITS INC.

4-3, Fukuzumi 2-chome, Koto-ku,
Tokyo 135-8430, Japan
Telephone: +81-3-3642-6661

NIPPON PRECISION CIRCUITS INC. Facsimile: +81-3-3642-6698
http://www.npc.co.jp/
Email: sales@npc.co.jp

NP0304CE 2004.10
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