INITIAL RELEASE

Final Electrical Specifications
| l’\p LTC1555/LTC 1556

TECHNOLOGY

FERTURES

u Step-Up/Step-Down Charge Pump Generates 5V

® Input Volitage Range: 2.7V to 10V

= Qutput Current; 10mA {(Viy =2 2.7V)
20mA (Viy 2 3V)

m 3V to 5V Signal Level Translators

= >10kV ESD on All SiM Contact Pins

» Short-Circuit and Overlemperature Protected

» Very Low Operating Current: 60uA

» Very Low Shutdown Current: <1uA

= Soft Start Limits Inrush Current at Turn-On

» Programmable 3V or 5V Qutput Voltage

= 650kHz Switching Frequency

= Auxiliary 4.3V LDO/Power Switch (LTC1556 Only)

w Available in a 16- and 20-Pin Narrow SSOP

APPUICATIONS

® SiM Interface in GSM Cellular Telephones
& Smart Card Readers

SIM Power Supply
and Level Translator
June 1997

DESCRIPTION

The LTC®1555/LTC1556 provide power conversion and
level shifting needed for 3V GSM cellular telephones to
interface with either 3V or 5V Subscriber identity Mod-
ules (SIMs). These parts contain a charge pump DC/DC
converter that delivers a regulated 5V to the SIM card.
Input voltage may range from 2.7V to 10V, allowing
direct connection to the battery. Output voltage may be
programmed to 3V, 5V or direct connectionto the Viy pin.

A soft start feature limits inrush current at turn-on,
mitigating start-up problems that may result when the
input is supplied by another low power DC/DC converter.
The LTC1556 also includes an auxiliary LDO regulator/
power switch that may be used to power the frequency
synthesizer VCO or other low power circuitry.

Battery life is maximized by 60uA operating current and
1pA shutdown current. Board area is minimized by minia-
ture 16- and 20-pin narrow SSOP packages and the need
for only three small external capacitors.

ALY, LTC and LT are registered trademarks of Linear Technoiogy Corporation.
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LTC1555/LTC 1556

ABSOLUTE MAXIMUM RATINGS
(Note 1)
ViN, DV t0 GND oo -0.3V1t0 12V Commercial Temperature Range ................ 0°C to 70°C
Vec 10 GND e ~0.3Vto 12V Industrial Temperature Range
Digital Inputs o GND ..o, ~0.3Vto 12V (NOtB 3) o -40°C to 85°C
LDO, CLK, RST, I/Qto GND ........ ~0.3Vto (Voo + 0.3V} Extended Commercial Operating Temperature Range
Ve, LDO Short-Circuit Duration ..................... indefinite (NOtE 2) ..o, -40°C to 85°C
Storage Temperature Range ................ -65°C t0 150°C  Lead Temperature (Soldering, 10 sec).......c.......... 300°C
PACKAGE/ORDER INFORMATION
ORDER PART TOP VIEW ORDER PART
TOP VIEW NUMBER om [1] 0] cu NUMBER
o [1 [16] GLk RiN 2] [19) RsT
a3 ] st LTC1555CGN pata [3] o L.TC1556CGN
o % i 1o LTC1555IGN oorv [1] 7 oo LTC15561GN
opRv (4 3] vec EN % 18] vec
ovge (8] 12] vy B |6 [15] viy
§5 6 it} c1- ovee (7] 1] o1
Mt (7] 0] ¢t~ 55 (8] 73] o1
mo (8] 5] anp ! wi [§] 7] aho
GN PACKAGE | vo [ig 11} ano
16-LEAD PLASTIC SSOP (3N PACKAGE
Togax = 150°C. 65 = 135°C/ W 20-LEAD PLASTIC SSOP
Tomas = 150°C, 64 = 95°CIW

Consult factory for Military grade parts.

ELECTRICAL CHARACTERISTICS

Vjy = 2.7V to 10V, DVgg = 1.8V to 5.5V, controlier digital pins tied to DVgg, SIM digital pins floating, EN, FB pins tied to GND
(LTC1556), C1 = 0.1uF, Coyr = 10uF unless otherwise specified. (Note 2)

PARAMETER CONDITIONS MiIN TYP MAX UNITS
Viy Operating Voltage [ 2.7 10 v
OV Operating Voltage | 18 55 v
Vin Operating Gurrent 2.7V <V <5V, Veg = 5Y, lygp =0 °! 80 100 uA
5V < Viy < 10V, Vg = 5V, Iygp = © . 75 135 pA
Vi Shutdown Current MO, M1=0V, 27V s Viy<5Y i A
| MO, M1 = OV, 2.7V < Viy < 5 le 2 WA
MO, M1 = OV, 5V < Vi < 10V | 25 A
DV Operating Current MO, M1 = DV¢g, Gy = TMHz ° 3 10 pA
DV Shutdown Current MO, M1 = 0V ® 1 | pA
T
Vee Output Voitage 0 < hyeg < 10MA. 2.7V < Vi < 10V ‘r
0 < lypp < 20mA, 3V <V < 10V
MO, M1 = DV [ ] 475 5.00 5.25 Y
MO = DVgg, M1 =0 e! 280 3.00 3.20 v
MO = 0, M1 = DV o Vy-03 Viy v
Vee Short-Circuit Current Vg Shorted to GND [ ] l 125 40 mA
LY U 11-13



LTC15655/LTC 1556
€ELECTRICAL CHARACTERISTICS

Vin = 2.7V 1o 10V, DVc = 1.8V to 5.5V, controller digital pins tied to DVge, SIM digital pins floating, EN, FB pins tied to GND
(LTC1556), C1 = 0.1pF, Coyr = 10uF unless otherwise specified.

PARAMETER GCONDITIONS MIN TYP MAX UNITS
Auxiliary LDO Voyr (Vioo) EN = High, Vgg = 5V, FB = LDO, I pg = 5SmA ® 4.00 43 455 v
Auxiliary Switch Resistance EN = High, Vg = 5V, FB = GND ® 18 30 Q
B Input Resistance [ 100 200 300 kQ
Charge Pump fogg [ 500 650 800 kHz
Cantrolier Inputs/Outputs, DVeg =3V
Input Current (i, i) MO, M1, §S, RIN, GIN o - 1 pA
DDRV, EN [ ] -5 5 pA
High Level input Current (ly) DATA e -2 20 LA
Low Level Input Current (i) DATA [ 1 mA
High Input Voltage Threshold (Vi) MG, M1, RIN, CIN, DDRV. EN [ ‘ 0.7 x DVge v
DATA [ DVge - 0.6 V
Low Input Voltage Threshold (V) ) MO, M1, RIN, CIN, DDRV, EN ® 0.2xDV v
DATA [ 0.4 v
High Level Qutput Voltage (Vou) DATA Source Current = 20pA, 170 = Vg ® [0.7 xDVee v
Low Level Qutput Voltage (Vo) DATA Sink Current = —200uA, I/0 = OV (Note 4) [ ] 04 v
DATA Pull-up Resistance Between DATA and DVqg ] 13 20 28 ke
DATA Output Rise/Fall Time DATA Loaded with 30pF ] 13 2 us
SIM Inputs/Outputs, DVgc = 3V, Vgo =3V or 5V
i/0 High Input Voltage Threshold (Vin) | linowax) = £20pA [ 05%Vee 0.7 x Ve i v
1/0 Low input Valtage Threshold (V),) liLay) = TmA [ 0.4 : v
High Level Output Voltage (Vo) 110, Source Current = 20yA, DATA or DDRV = DV ® | 0.8x Vg v
RST, CLK, Source Current = 20pA ® | 0.9x Vg Y
Low Level Qutput Voitage (Vo) 140, Sink Current = —1mA, DATA or DDRV = 0V (Note 4} [ 04 v
RST, GLK, Sink Current = —200pA [] 04 v
1/0 Pull-Up Resistance Between /0 and Vg o| 65 10 1% 1 ke
SiM Timing Parameters, DVgg = 3V, Voo =5V
CLK Rise/Fall Time CLK Loaded with 30pF . 18 ns
RST, /0 Rise/Fall Time RST, /0 Loaded with 30pF [ ] 1 { us
CLK Frequency CLK Loaded with 30pF ° 5 MHz
Ve Turn-On Time 85 = DVgg, Cour = 100F. hyee =0 1 | ms
85 = 0V, Cour = 104, lygg = 0 5 | ms
Vi Discharge Time to 1V e = 0, Vg = 5V, Coyt = 104F 3 ms
The @ denotss specifications which apply over the specified temperature over the —40°C to 85°C temperature range by design or correfation, but
range. are not production tested.
Note 1: Absolute Maximum Ratings are those values beyond which the life Note 3: | grade device specifications are guaranteed over the —40°C to
of a device may be impaired. 85°C temperature range.
Note 2: C grade device specifications are guaranteed over the 0°C to 70°C Note 4: The DATA and I/0 pull-down drivers must aiso sink current
temperature range. In addition, C grade device specifications are assured sourced by the internal pull-up resistors.
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LTC1555/LTC 1556

PIN FUNCTIONS
LTC1555/LTC1556

CIN (Pin 1): Clock Input Pin from Controller.
RIN (Pin 2): Reset input Pin from Controller.

DATA (Pin 3): Controller Side Data Input/Qutput Pin. Can
be used for single pin bidirectional data transfer between
the controller and the SIM card as fong as the controller
data pin is open drain. The controlier output must be able
to sink TmA max when driving the DATA pin low due to the
internal pull-up resistors on the DATA and 1/0 pins. If the
controller data outputis not opendrain, then the DDRV pin
should be used for sending data to the SIM card and the
DATA pin used for receiving data from the SIM card (see
Figure 1).

DDRYV (Pin 4): Optional Data Input Pin for Sending Data to
the SIM card. When not needed, the DDRV pin should be
feft floating or tied to DVge (aninternal 1pA current source
will pull the DDRV pin up to DV if left floating).

DV¢c (Pins 5/7): Supply Voltage for Controller Side Digital
/0 Pins. May be between 1.8Y and 5.5V (typically 3V).

8$ (Pins 6/8): Soft Start Enable Pin. Alogic low will enable
the charge pump inrush current limiting feature. A logic
high will disable the soff start feature and ailow Vg to be
ramped as quickly as possible upon start-up and coming
out of shutdown.

M1 (Pins 7/9): Mode Control Bit 1 (see Truth Table).
M0 (Pins 8/10): Mode Contro! Bit 0 (see Truth Table).

This table defines the various operating modes that may
be obtained via the MO and M1 mode control pins.

Truth Tahie
Mo M1 MODE
ov ov Shutdown (Vgg = OV)
W DVge Voo =Yin
DVeg ov Ve =3V
DVge L DVee | Vgg=5V

GND (Pins 9/11, 12): Ground for Both the SIM and the
Controller. Should be connected to the SIM GND contact
as well as to the Vyy/Controller GND. Proper grounding
and supply bypassing is required to meet 10kV ESD
specifications.

€1~ (Pins 10/12): Charge Pump Flying Capacitor Negative
Input.

C1* (Pins 11/13): Gharge Pump Flying Capacitor Positive
Input.

Vin (Pins 12/14): Charge Pump Input Voltage Pin. input
voitage range is 2.7V to 10V. Connect 10uF input bypass
capacitor close to the Vyy pin.

Ve (Pins 13/15): SIM Card V¢ Output. This pin should be
connected to the SIM Vgg contact. The Ve output voltage
is determined by the MO and M1 pins (see Truth Table).
Vggis discharged to GND during shutdown (M0, M1 = 0V).
A 10uF output capacitor should connect close to the Vpg
pin.

1/0 (Pins 14/18): SIM Side I/0 Pin. The pinis an open drain
outputwithanominal pull-up resistance of 10k and should
be connected to the SIM 1/0 contact. The SIM card must
sink up to 1mA max when driving the 1/0 pin low due to the
internal puli-up resistors on the 1/0 and DATA pins.

RST (Pins 15/19): Level Shifted Reset Output Pin. Should
be connected to the SIM RST contact.

CLK (Pins 16/20): Level Shifted Clock Output Pin. Should
be connected to the SIM CLK contact. Careful trace routing
is recommended due to fast rise and fall edge speeds.

LTC1556 Only

EN (Pin 5): Auxiliary LDO/Power Switch Enable Pin. A
logic high on this pin from the controiler will enable the
auxiliary LDO output. When the LDQ is disabled, the LDO
output wiil float or be pulied to ground by the load. If left
floating, the EN pin will be pulied down to GND by an
internal 1pA current source.

FB (Pin 6): Auxiliary LDO Feedback Pin. When B is
connected to the LDO pin (Pin 17), the LDO output is
regulated to 4.3V (typ). If the FB pin is left open or tied to
ground, the regulator acts as a < 300 switch between Veg
and LDO.

LDO (Pin 17): LDO Qutput Pin. This pin should be tied to
the FB pin for 4.3V LDO operation. The LDQ output may be
used as a <30Q2 power switch if the FB pin is grounded or
left floating. When used as a regulator, LDO must be
bypassed to GND with a >3.3uF capacitor.

L] T EICHNOLOGV
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LTC1585/LTC 1556

BLOCK DIAGRAM
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APPUCATIONS INFORMATION

The LTC1555/LTC1556 perform the two primary func-
tions necessary for 3V controllers (e.g., GSM celiutar
telephone controllers, smart card readers, etc.) to com-
municate with 5V SIMs or smart cards. They produce a
regulated 5V Ve supply for the SIM and provide fevel
translators for communication between the SIM and the
controller.

Vec Voltage Regulator

The regulator section of the L.TC1555/L.TC1556 (refer to
the Block Diagram) consists of a step-up/step-down charge

pump DC/DC converter. The charge pump can operate
over a wide input voltage range (2.7V to 10V) while
maintaining a regulated Vgg output. The wide Vy range
enables the parts to be powered directly from a battery (if
desired) rather than fram a 3V DC/DC converter output.
When V\y is less than the desired Vg the parts operate as
switched capacitor voltage doublers. When Vyy is greater
than Vg the parts operate as gated switch step-down
converters. In either case, voltage conversion requires
only one small flying capacitor and output capacitor.

11-16
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LTC1555/LTC 1556

APPLICATIONS INFORMATION

The Vgg output can be programmed to either 5V or 3V via
the MO and M1 mode pins. This feature is useful in
applications where either a 5V or 3V SIMmay be used. The
charge pump Voc output may also be connected directly to
V\nif desired. When the charge pump is put into shutdown
{MQ, M1 = 0), Vg is pulled to GND via an internal switch
to aid in proper system supply sequencing.

The soft start feature limits inrush currents upon start-up
or coming out of shutdown mode. When the SS pin is tied
to GND, the soft start feature is enabled. This limits the
effective inrush current out of Vi to approximately 25mA
(Coyr = 10pF). tnrush current limiting is especially useful
when powering the LTC1555/LTC1556 from a 3V DC/DC
output since the unlimited inrush current may approach
200mA and cause voltage transients on the 3V supply.
However, in cases where fast turn-on time is desired, the
soft start feature may be overridden by tying the SS pinto
DVee.

Level Translators

Al SIiMs and smart cards contain a clock input, reset input
and a bidirectional data input/output. The LTC1555/
LTC1556 provide level transtators to allow controllers to
communicate with the SIM (see Figures 1a and 1b). The
CLK and RST inputs to the SIM are leve! shifted from the
controller supply rails (DVgc and GND) to the SIM supply
rails (Vg and GND). The data input to the SIM may be
provided two different ways. The first method is to use the
DATA pin as a bidirectional level transiator. This configu-
ration is only allowed if the controller data output pin is
open drain (ali SIM /0 pins are open drain). Internal pull-
up resistors are provided for both the DATA pin and the
1/0 pin on the SIM side. The second method is to use the

LTC1555/LTC1556

CLKTO SIM ——>] Ciy CLK p——
RST T0 SIM ——] Ryy RST f——>
DATA TO/FROM SiM #mmemmt] DATA 1/ it

E PDRV Ve
CONTROLLER Dvge

SIDE SiM SIDE

1585456 F1a

Figure 1a. Level Transiator Connections for
Bidirectional Contratler DATA Pin

LTC1555/A.7C1556

CLKTO SiM —— Ciy CLK >
RST TO SIM we——pd Ry RST [t
DATA FROM SIM 4———¢ DATA 10 [l
DATATO SIM =——nf DDRV  Vpo

CONTROLLER DVer
SIDE SiM SIDE

15546 F1b

Figure 1h. Level Transfator Connections for
One-Directional Controlier Side DATA Fiow

DDRYV pintosend data to the StM and use the DATA pinto
receive data from the SIM. When the DDRV pinis not used,
it should either be left floating or tied to DV¢c.

Level Transiation with DV¢¢ > Vee

It is assumed that most applications for these parts will
use controller supply voltages (DV¢c) less than or equal
to Vgg. In cases where DV is greater than Vg by more
than 0.6V or so, the parts’ operation will be affected inthe
following ways: 1) A small DC current {up to 100uA} will
flow from DVgg to Vg through the DATA puli-up resistor,
N-channel pass device and the I/ pull-up resistor
{except when the partis in shutdown at which time DV
is disconnected from Vg by turning off the pass device).
If the Vg load current is less than the DV current, the
Ve output may be pulled out of regulation until sufficient
load current pulls Vgc back into regulation. 2) When the
SiMis sending data back to the controller, a fogic high on
the 1/0 pin will result in the DATA pin being pulled up to
Ve + 1/3(DVgg — Ve, not alf the way up to DVeg. For
example, if DVge is 5V and Vg is 3V, the DATA pin will
only swing from =0.1V to 3.67V when receiving data
from the SIM side.

Optional LDO Output

The LTC1556 also contains an internal LDO regulator for
providing a low noise bhoosted supply voitage for low
power external circuitry (e.g., frequency synthesizers,
etc.) Tying the FB pin to the LDO pin provides a regulated
4.3V atthe LDO output (see Figure 2). A 3.3uF {minimum)
capacitor is required to ensure output stability. A 10uF low
ESR capacitor is recommended, however, to minimize
LDO output noise. The LDO output may also be used as an
auxiliary switch to Vg. [ the FB pinis left floating oris tied

LY R
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LTC1555/LTC 1556

APPLICATIONS INFORMATION
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Figure 2. Auxiliary LDO Connections (LTC1556 Only)

to GND, the LDO pin will be internally connected to the Vg
output through the P-channel pass device. The LDO may
be disabled at any time by switching the EN pin fram DVec
to GND.

10kV ESD Protection

Ali pins that connect to the SIM (CLK, RST, I/0, Ve, GND)
withstand over 10kV of human body model ESD. In order
to ensure proper ESD protection, careful board layout is
required. The GND pins should be tied directly to a GND
plane. The Vg capacitor should be located very close to
the V¢ pin and tied immediately to the GND plane.

RELATED PARTS
PART NUMBER DESCRIPTION COMMENTS
LTC1044A 12V Charge Pump DC/DC Canverter 15V <12y

LTC1514-3.3/LTC1514-5 | Regulated Step-Up/Step-Dawn Charge Pumps with Low Bat Comparator | 3.3V and 5V Output Versions

LTC1515 Series Regulated Step-Up/Step-Down Charge Pumps with Reset Output Adjustable, 3V/5V, 3.3V/5V Versions

LTC1516 Micropower, Regulated 5V Charge Pump DC/DC Converter lout = 20mA (Vi 2 2V), fayr = 50mA (Vi 2 3V)
LTC1550-4.1 Low Noise, Charge Pump Voltage Inverter 1mVp.p Ripple at 900kHz

LTC660 100mA Charge Pump DC/DC Converter 5V to -5V at 100mA
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