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boost typically draws 250 pA in active mode and 25 pA in
standby mode. The boost operating modes must be used in
conjunction with chip power modes to minimize total power
consumption. Table 6-4 lists the boost power modes available in
different chip power modes.

Table 6-4. Chip and Boost Power Modes Compatibility

Chip Power Modes Boost Power Modes

Chip-active oralternate [Boost must be operated in its active
active mode mode.

Boost can be operated in either active
or standby mode. In boost standby
mode, the chip must wake up periodi-
cally for boost active-mode refresh.

Boost can be operated in its active
mode. However, itis recommended not
to use the boost in chip hibernate mode
due to the higher current consumption
in boost active mode.

Chip-sleep mode

Chip-hibernate mode

6.2.2.1 Boost Firmware Requirements

To ensure boost inrush current is within specification at startup,
the Enable Fast IMO During Startup value must be unchecked
in the PSoC Creator IDE. The Enable Fast IMO During Startup
option is found in PSoC Creator in the design wide resources
(cydwr) file System tab. Un-checking this option configures the
device to run at 12 MHz vs 48 MHz during startup while
configuring the device. The slower clock speed results in
reduced current draw through the boost circuit.

6.2.2.2 Boost Design Process

Correct operation of the boost converter requires specific
component values determined for each designs unique
operating conditions. The Cgar capacitor, Inductor, Schottky
diode, and Cgppst capacitor components are required with the
values specified in the electrical specifications, Table 11-7 on
page 78. The only variable component value is the inductor
LeoosT Which is primarily sized for correct operation of the boost
across operating conditions and secondarily for efficiency.
Additional operating region constraints exist for Voyt, VeaT: lout
and Tp.

The following steps must be followed to determine boost

converter operating parameters and LgpogT Value.

1. Choose desired Va1, VouT Ta. @nd lgyt operating condition
ranges for the application.

2. Determine if Vga and Vgt ranges fit the boost operating
range based on the T, range over Vgat and Vgoyt chart,
Figure 11-8 on page 78. If the operating ranges are not met,
modify the operating conditions or use an external boost
regulator.
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3. Determine if the desired ambient temperature (T,) range fits
the ambient temperature operating range based on the Ty
range over Vgt and Vgyt chart, Figure 11-8 on page 78. If
the temperature range is not met, modify the operating condi-
tions and return to step 2, or use an external boost regulator.

4. Determine if the desired output current (Ioy7) range fits the
output current operating range based on the gyt range over
VgaT @and Voyt chart, Figure 11-9 on page 78. If the output
current range is not met, modify the operating conditions and
return to step 2, or use an external boost regulator.

5. Find the allowed inductor values based on the Lggpogt Values
over Vgat and Vgyt chart, Figure 11-10 on page 78.

6. Based on the allowed inductor values, inductor dimensions,
inductor cost, boost efficiency, and Vypp_g choose the
optimum inductor value for the system. Boost efficiency and
VRrippLE typical values are provided in the Efficiency vs Vgat
and VrippLE VS VeaT charts, Figure 11-11 on page 79 through
Figure 11-14 on page 79. In general, if high efficiency and low
VRippLE are mostimportant, then the highest allowed inductor
value should be used. If low inductor cost or small inductor
size are most important, then one of the smaller allowed
inductor values should be used. If the allowed inductor(s)
efficiency, VRippLE, cost or dimensions are not acceptable for
the application than an external boost regulator should be
used.

6.3 Reset

CY8C38 has multiple internal and external reset sources
available. The reset sources are:

m Power source monitoring — The analog and digital power
voltages, VDDA, VDDD, VCCA, and VCCD are monitored in
several different modes during power up, active mode, and
sleep mode (buzzing). If any of the voltages goes outside
predetermined ranges then a reset is generated. The monitors
are programmable to generate an interrupt to the processor
under certain conditions before reaching the reset thresholds.

m External — The device can be reset from an external source by
pulling the reset pin (XRES) low. The XRES pin includes an
internal pull-up to VDDIO1. VDDD, VDDA, and VDDIO1 must
all have voltage applied before the part comes out of reset.

m Watchdog timer — A watchdog timer monitors the execution of
instructions by the processor. If the watchdog timer is not reset
by firmware within a certain period of time, the watchdog timer
generates a reset.

m Software — The device can be reset under program control.
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Figure 6-9. GPIO Block Diagram
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Figure 7-15. CAN Controller Block Diagram
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Analog local buses (abus) are routing resources located within
the analog subsystem and are used to route signals between
different analog blocks. There are eight abus routes in CY8C38,
four in the left half (abusl [0:3]) and four in the right half (abusr
[0:3]) as shown in Figure 8-2. Using the abus saves the analog
globals and analog mux buses from being used for
interconnecting the analog blocks.

Multiplexers and switches exist on the various buses to direct
signals into and out of the analog blocks. A multiplexer can have
only one connection on at a time, whereas a switch can have
multiple connections on simultaneously. In Figure 8-2,
multiplexers are indicated by grayed ovals and switches are
indicated by transparent ovals.

8.2 Delta-sigma ADC

The CY8C38 device contains one delta-sigma ADC. This ADC
offers differential input, high resolution and excellent linearity,
making it a good ADC choice for both audio signal processing
and measurement applications. The converter's nominal
operation is 16 bits at 48 ksps. The ADC can be configured to
output 20-bit resolution at data rates of up to 187 sps. At a fixed
clock rate, resolution can be traded for faster data rates as
shown in Table 8-1 and Figure 8-3.

Table 8-1. Delta-sigma ADC Performance

Bits Maximunzsspa}sTpleRate SINAD (dB)
20 187 -
16 48 k 84
12 192 k 66
8 384 k 43

Figure 8-3. Delta-sigma ADC Sample Rates, Range =+1.024 V
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8.2.1 Functional Description

The ADC connects and configures three basic components,
input buffer, delta-sigma modulator, and decimator. The basic
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block diagram is shown in Figure 8-4. The signal from the input
muxes is delivered to the delta-sigma modulator either directly or
through the input buffer. The delta-sigma modulator performs the
actual analog to digital conversion. The modulator over-samples
the input and generates a serial data stream output. This high
speed data stream is not useful for most applications without
some type of post processing, and so is passed to the decimator
through the Analog Interface block. The decimator converts the
high speed serial data stream into parallel ADC results The
modulator/decimator frequency response is [(sin x)/x]

Figure 8-4. Delta-sigma ADC Block Diagram
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Resolution and sample rate are controlled by the Decimator.
Data is pipelined in the decimator; the output is a function of the
last four samples. When the input multiplexer is switched, the
output data is not valid until after the fourth sample after the
switch.

8.2.2 Operational Modes

The ADC can be configured by the user to operate in one of four
modes: Single Sample, Multi Sample, Continuous, or Multi
Sample (Turbo). All four modes are started by either a write to
the start bit in a control register or an assertion of the Start of
Conversion (SoC) signal. When the conversion is complete, a
status bit is set and the output signal End of Conversion (EoC)
asserts high and remains high until the value is read by either the
DMA controller or the CPU.

8.2.2.1 Single Sample

In Single Sample mode, the ADC performs one sample
conversion on a trigger. In this mode, the ADC stays in standby
state waiting for the SoC signal to be asserted. When SoC is
signaled the ADC performs four successive conversions. The
first three conversions prime the decimator. The ADC result is
valid and available after the fourth conversion, at which time the
EoC signal is generated. To detect the end of conversion, the
system may poll a control register for status or configure the
external EoC signal to generate an interrupt or invoke a DMA
request. When the transfer is done the ADC reenters the standby
state where it stays until another SoC event.

8.2.2.2 Continuous

Continuous sample mode is used to take multiple successive
samples of a single input signal. Multiplexing multiple inputs
should not be done with this mode. There is a latency of three
conversion times before the first conversion result is available.
This is the time required to prime the decimator. After the first
result, successive conversions are available at the selected
sample rate.
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The CY8C38 family of devices contains four LUTs. The LUT is a
two input, one output lookup table that is driven by any one or
two of the comparators in the chip. The output of any LUT is
routed to the digital system interface of the UDB array. From the
digital system interface of the UDB array, these signals can be
connected to UDBs, DMA controller, I/O, or the interrupt
controller.

The LUT control word written to a register sets the logic function
on the output. The available LUT functions and the associated
control word is shown in Table 8-2.

Table 8-2. LUT Function vs. Program Word and Inputs

Control Word Output (A and B are LUT inputs)
0000b FALSE ('0")
0001b A AND B
0010b A AND (NOT B)
0011b A
0100b (NOT A) AND B
0101b B
0110b A XORB
0111b AORB
1000b A NORB
1001b A XNOR B
1010b NOT B
1011b A OR (NOT B)
1100b NOT A
1101b (NOTA)ORB
1110b A NAND B
1111b TRUE (‘1)

8.4 Opamps

The CY8C38 family of devices contain up to four general
purpose opamps in a device.

Figure 8-6. Opamp
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The opamp is uncommitted and can be configured as a gain
stage or voltage follower, or output buffer on external or internal
signals.

See Figure 8-7. In any configuration, the input and output signals
can all be connected to the internal global signals and monitored
with an ADC, or comparator. The configurations are

implemented with switches between the signals and GPIO pins.
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Figure 8-7. Opamp Configurations
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The opamp has three speed modes, slow, medium, and fast. The
slow mode consumes the least amount of quiescent power and
the fast mode consumes the most power. The inputs are able to
swing rail-to-rail. The output swing is capable of rail-to-rail
operation at low current output, within 50 mV of the rails. When
driving high current loads (about 25 mA) the output voltage may
only get within 500 mV of the rails.

8.5 Programmable SC/CT Blocks

The CY8C38 family of devices contains up to four switched
capacitor/continuous time (SC/CT) blocks in a device. Each
switched capacitor/continuous time block is built around a single
rail-to-rail high bandwidth opamp.

Switched capacitor is a circuit design technique that uses
capacitors plus switches instead of resistors to create analog
functions. These circuits work by moving charge between
capacitors by opening and closing different switches.
Nonoverlapping in phase clock signals control the switches, so
that not all switches are ON simultaneously.

The PSoC Creator tool offers a user friendly interface, which
allows you to easily program the SC/CT blocks. Switch control
and clock phase control configuration is done by PSoC Creator
so users only need to determine the application use parameters
such as gain, amplifier polarity, VRgr connection, and so on.

The same opamps and block interfaces are also connectable to
an array of resistors which allows the construction of a variety of
continuous time functions.
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The opamp and resistor array is programmable to perform
various analog functions including

m Naked operational amplifier — Continuous mode

m Unity-gain buffer — Continuous mode

® PGA - Continuous mode

m Transimpedance amplifier (TIA) — Continuous mode

m Up/down mixer — Continuous mode

m Sample and hold mixer (NRZ S/H) — Switched cap mode

m First order analog to digital modulator — Switched cap mode

8.5.1 Naked Opamp

The Naked Opamp presents both inputs and the output for

connection to internal or external signals. The opamp has a unity
gain bandwidth greater than 6.0 MHz and output drive current up
to 650 pA. This is sufficient for buffering internal signals (such as

DAC outputs) and driving external loads greater than 7.5 kohms.

8.5.2 Unity Gain

The Unity Gain buffer is a Naked Opamp with the output directly
connected to the inverting input for a gain of 1.00. It has a -3 dB
bandwidth greater than 6.0 MHz.

8.5.3 PGA

The PGA amplifies an external or internal signal. The PGA can
be configured to operate in inverting mode or noninverting mode.
The PGA function may be configured for both positive and
negative gains as high as 50 and 49 respectively. The gain is
adjusted by changing the values of R1 and R2 as illustrated in
Figure 8-8. The schematic in Figure 8-8 shows the configuration
and possible resistor settings for the PGA. The gain is switched
from inverting and non inverting by changing the shared select
value of the both the input muxes. The bandwidth for each gain
case is listed in Table 8-3.

Table 8-3. Bandwidth

The PGA is used in applications where the input signal may not
be large enough to achieve the desired resolution in the ADC, or
dynamic range of another SC/CT block such as a mixer. The gain
is adjustable at runtime, including changing the gain of the PGA
prior to each ADC sample.

8.5.4 TIA

The Transimpedance Amplifier (TIA) converts an internal or
external current to an output voltage. The TIA uses an internal
feedback resistor in a continuous time configuration to convert
input current to output voltage. For an input current [, the output
voltage is VRgr - lin X Ry, Where Ve is the value placed on the
non inverting input. The feedback resistor Rfb is programmable
between 20 KQ and 1 MQ through a configuration register.
Table 8-4 shows the possible values of Rfb and associated
configuration settings.

Table 8-4. Feedback Resistor Settings

Configuration Word Nominal Ry, (KQ)
000b 20
001b 30
010b 40
011b 60
100b 120
101b 250
110b 500
111b 1000

Figure 8-9. Continuous Time TIA Schematic
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Figure 8-8. PGA Resistor Settings
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— Vout
Vreef 4

The TIA configuration is used for applications where an external
sensor's output is current as a function of some type of stimulus
such as temperature, light, magnetic flux etc. In a common
application, the voltage DAC output can be connected to the
Vrer TIA input to allow calibration of the external sensor bias
current by adjusting the voltage DAC output voltage.

8.6 LCD Direct Drive

The PSoC LCD driver system is a highly configurable peripheral
designed to allow PSoC to directly drive a broad range of LCD
glass. All voltages are generated on chip, eliminating the need
for external components. With a high multiplex ratio of up to 1/16,
the CY8C38 family LCD driver system can drive a maximum of
736 segments. The PSoC LCD driver module was also designed
with the conservative power budget of portable devices in mind,
enabling different LCD drive modes and power down modes to
conserve power.
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Table 11-3. AC Specifications[33]

Parameter Description Conditions Min Typ Max Units
Fepu CPU frequency 1.71V<Vppp <55V DC - 67.01 MHz
FeuscLk Bus frequency 171V <Vppp <55V DC - 67.01 MHz
Svdd Vpp ramp rate - - 0.066 Vius
Tio_NiT Time from Vppp/Vppa/Veen/Veca - - 10 Hs

>|PORto I/O ports set to their reset
states
TSTARTUP Time from VDDDNDDA/VCCD/VCCA VCCA/VDDA = regulated from - - 40 us
> PRES to CPU executing code at |Vppa/Vppp, No PLL used, fast IMO
reset vector boot mode (48 MHz typ.)
Veea/Veep = regulated from - - 74 ps
VDDA/VDDD' no PLL Used, slow
IMO boot mode (12 MHz typ.)
TsLEep Wakeup from sleep mode — - - 15 VES
Application of non-LVD interrupt to
beginning of execution of next CPU
instruction
THIBERNATE Wakeup from hibernate mode — - - 100 VB
Application of external interrupt to
beginning of execution of next CPU
instruction
Figure 11-4. Fcpy vs. Vpp
A
55V
Valid Operating Region
8 33v—
T
&)
>
°
o
>
1.71V
Valid Operating Region with SMP
0.5V
oV | >
DC 1 MHz 10 MHz 67 MHz
CPU Frequency
Note

33. Based on device characterization (Not production tested).
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Figure 11-15. GPIO Output High Voltage and Current Figure 11-16. GPIO Output Low Voltage and Current
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Table 11-10. GPIO AC Specifications
Parameter Description Conditions Min Typ Max Units
TriseF Rise time in Fast Strong Mode!*"] 3.3V Vppo Cload = 25 pF - - 6 ns
TfallF Fall time in Fast Strong Mode!*'] 3.3V Vppo Cload = 25 pF - - 6 ns
TriseS Rise time in Slow Strong Mode!*"! 3.3V Vppo Cload = 25 pF - - 60 ns
TfallS Fall time in Slow Strong Mode!*™! 3.3V Vppio Cload = 25 pF - - 60 ns
GPIO output operating frequency
2.7V <Vppp £5.5V, fast strong drive mode |90/10% Vpp)o into 25 pF - - 33 MHz
Fgpioout {1.71 V <Vpp g <2.7 V, fast strong drive mode |90/10% Vpp,qo into 25 pF - - 20 MHz
3.3V < Vppio £5.5V, slow strong drive mode |90/10% Vpp,o into 25 pF - - 7 MHz
1.71 V<Vpp 0 < 3.3V, slow strong drive mode |90/10% Vppo into 25 pF - - 3.5 MHz
Fgpioin GPIO input operating frequency
1.71V <Vppio <55V 90/10% Vppio - | - | 33 MHz
Note

41.Based on device characterization (Not production tested).
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11.4.2 SIO
Table 11-11. SIO DC Specifications
Parameter Description Conditions Min Typ Max Units
Vinmax Maximum input voltage All allowed values of Vppg and - - 5.5 \Y
Vppp, see Section 11.1
Vinref Input voltage reference 0.5 - 0.52 xVppio| V
(Differential input mode)
Output voltage reference (Regulated output mode)
Voutref Vppio > 3.7 1 - Vopio— 1 \Y
Vppio < 3.7 1 - Vppio — 0.5 \Y
Input voltage high threshold
Vin GPIO mode CMOS input 0.7 x Vppio - - \Y
Differential input model#?] Hysteresis disabled SIO_ref + 0.2 - - \%
Input voltage low threshold
Vi GPIO mode CMOS input - - 0.3 xVppio \Y
Differential input mode!*?] Hysteresis disabled - - SIO_ref-0.2| V
Output voltage high
V. Unregulated mode loy =4 mA, Vppp=3.3V Vppio — 0.4 - - \Y
OH Regulated mode?] lon = 1 MA SIO_ref-0.65| - |SIO ref+02| V
Regulated mode!*?] loy = 0.1 mA SIO ref—-0.3| - [SIO ref+0.2| V
VoL Output voltage low Vppio =3.30 V, I, =25 mA - - 0.8 \Y
Vppio =3.30V, I, =20 mA - - 0.4 \Y
Vppio = 1.80V, lg. =4 mA - - 0.4 \Y
Rpullup Pull-up resistor 3.5 5.6 8.5 kQ
Rpulldown Pull-down resistor 3.5 5.6 8.5 kQ
I Input leakage current
(Absolute value)3]
V|4 £ Vddsio 25°C,Vddsio=3.0V,V|y=3.0V - - 14 nA
V|4 > Vddsio 25°C,Vddsio=0V,Vy=3.0V - - 10 MA
CiN Input Capacitance[43] - - 7 pF
Input voltage hysteresis Single ended mode (GPIO - 40 - mV
Vi (Schmitt-Trigger)3 mode)
Differential mode - 35 - mV
Idiode Current through protection diode - - 100 MA
to Vssio
Notes

42. See Figure 6-10 on page 39 and Figure 6-13 on page 43 for more information on SIO reference.
43. Based on device characterization (Not production tested).
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Figure 11-37. Delta-sigma ADC DNL vs Output Code, 16-bit, Figure 11-38. Delta-sigma ADC INL vs Output Code, 16-bit,
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11.5.3 Voltage Reference
Table 11-28. Voltage Reference Specifications
See also ADC external reference specifications in Section 11.5.2.
Parameter Description Conditions Min Typ Max Units
Vil Precision reference voltage |Initial trimming, 25 °C 1.023 | 1.024 | 1.025 v
(-0.1%) (+0.1%)
After typical PCB assembly, |Typical (non-optimized) board —40 °C - +0.5 - %
post reflow layout and 250 °C solder reflow. 5575 — — %
Device may be calibrated after - .
assembly to improve performance |85 °C - +0.2 - %
Temperature drift!>2] Box method - - 30 ppm/°C
Long term drift - 100 - ppm/khr
Thermal cycling drift - 100 - ppm
(stability)[g/z chg
Figure 11-39. Voltage Reference vs. Temperature and Vccp Figure 11-40. Voltage Reference Long-Term Drift
1.025 100
& 75
> 1.0245 / N 50
[14] H
5 / / g 25
k2 / S
T 1024 vV g 0
% Veea, v = 25
£ 10235 1.7 50 —
—18 —
—1.89 -75
| |
1.023 . . 100
40 20 0 20 40 o0 80 0 200 400 600 800 1000
Temperature__ c Hours
Notes

51. VRer is measured after packaging, and thus accounts for substrate and die attach stresses
52. Based on device characterization (Not production tested).
53. After eight full cycles between —40 °C and 100 °C.
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11.5.6 Current Digital-to-analog Converter (IDAC)

PSoC® 3: CY8C38 Family Datasheet

All specifications are based on use of the low-resistance IDAC output pins (see Pin Descriptions on page 12 for details). See the IDAC
component data sheet in PSoC Creator for full electrical specifications and APIs.

Unless otherwise specified, all charts and graphs show typical values.

Table 11-32. IDAC DC Specifications
Parameter Description Conditions Min Typ Max Units
Resolution - - 8 bits
louT Output current at code = 255 Range = 2.04 mA, code = 255, - 2.04 - mA
VDDA > 2.7V, Rload = 600 Q
Range = 2.04 mA, high speed - 2.04 - mA
mode, code = 255, Vppp < 2.7V,
Rload =300 Q
Range =255 yA, code =255, Rload - 255 - MA
=600 Q
Range = 31.875 pA, code = 255, - 31.875 - MA
Rload = 600 Q
Monotonicity - - Yes
Ezs Zero scale error - 0 +1 LSB
Eg Gain error Range =2.04 mA, 25 °C - - 2.5 %
Range =255 pA,25°C - - 2.5 %
Range = 31.875 yA,25° C - - +3.5 %
TC_Eg Temperature coefficient of gain Range = 2.04 mA - - 0.04 % 1°C
error Range = 255 pA - - 0.04 % /°C
Range = 31.875 pA - - 0.05 % /°C
INL Integral nonlinearity Sink mode, range =255 pA, Codes - 0.9 +1 LSB
8 — 255, Rload = 2.4 kQ, Cload =
15 pF
Source mode, range = 255 pA, - +1.2 +1.6 LSB
Codes 8 — 255, Rload = 2.4 kQ,
Cload = 15 pF
DNL Differential nonlinearity Sink mode, range = 255 pA, Rload - 0.3 +1 LSB
= 2.4 kQ, Cload = 15 pF
Source mode, range = 255 JA, - 0.3 +1 LSB
Rload = 2.4 kQ, Cload = 15 pF
Vcompliance |Dropout voltage, source or sink Voltage headroom at max current, 1 - - \%
mode Rload to Vppa or Rload to Vggap,
Vdiff from VDDA

Document Number: 001-11729 Rev. AF
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Figure 11-43. IDAC DNL vs Input Code, Range = 255 A,
Source Mode
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Figure 11-45.IDACINL vs Temperature, Range =255 pA, High
speed mode
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Figure 11-47. IDAC Full Scale Error vs Temperature, Range
=255 YA, Source Mode
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Figure 11-44. IDAC DNL vs Input Code, Range =255 YA, Sink
Mode
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Figure 11-46. IDAC DNL vs Temperature, Range = 255 pA,
High speed mode
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Figure 11-48. IDAC Full Scale Error vs Temperature, Range
=255 YA, Sink Mode
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Figure 11-61. VDAC Operating Current vs Temperature, 1V
Mode, Low speed mode

Figure 11-62. VDAC Operating Current vs Temperature, 1V
Mode, High speed mode

100 400 | ,
S0 350 hax, vdda=55"%
e < 300
= =
L &0 o 250
> Max, Vdda = 5.5V >
& 50 ' f O 200
£ 4 : £
= ' ' = 150
2 ag Max, Vdda = 2.7V =
(% = 100
20 o
10 a0
0 0
=40 -20 0 20 40 60 g0 -A40 -20 0 20 40 60 g0
Temperature, °C Temperature, °C
Table 11-35. VDAC AC Specifications
Parameter Description Conditions Min Typ Max Units
Foac Update rate 1V scale - - 1000 ksps
4\ scale - - 250 ksps
TsettleP Settling time to 0.1%, step 25% to |1V scale, Cload = 15 pF - 0.45 1 us
75%
4V scale, Cload = 15 pF - 0.8 3.2 us
TsettleN Settling time to 0.1%, step 75% to |1V scale, Cload = 15 pF - 0.45 1 us
25%
4V scale, Cload = 15 pF - 0.7 3 us
Voltage noise Range = 1V, High speed mode, - 750 - nV/sqrtHz
VDDA =5 V, 10 kHz

Figure 11-63. VDAC Step Response, Codes 0x40 - 0xC0, 1 V
Mode, High speed mode, Vppa =5V
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Figure 11-64. VDAC Glitch Response, Codes 0x7F - 0x80,1 V
Mode, High speed mode, Vppp =5V

056
0.524
g 052 ‘,1!'"""—
g \
0.520
048
0 0.5 1 1475 2
Tirne, ps

Page 103 of 140



w

—
P

—
— -
——
—
—

2 CYPRESS

K

PSoC® 3: CY8C38 Family Datasheet

Embedded in Tomorrow”

11.5.9 Transimpedance Amplifier

The TIA is created using a SC/CT analog block; see the TIA component data sheet in PSoC Creator for full electrical specifications

and APls.

Table 11-38. Transimpedance Amplifier (TIA) DC Specifications

Parameter Description Conditions Min Typ Max Units
V\oFF Input offset voltage - - 10 mV
Rconv Conversion resistancel®®] R = 20K; 40 pF load -25 - +35 %

R = 30K; 40 pF load -25 - +35 %
R = 40K; 40 pF load -25 - +35 %
R = 80K; 40 pF load -25 - +35 %
R = 120K; 40 pF load -25 - +35 %
R = 250K; 40 pF load -25 - +35 %
R= 500K; 40 pF load -25 - +35 %
R = 1M; 40 pF load -25 - +35 %
Quiescent current - 1.1 2 mA
Table 11-39. Transimpedance Amplifier (TIA) AC Specifications
Parameter Description Conditions Min Typ Max Units
BW Input bandwidth (-3 dB) R = 20K; —40 pF load 1500 - - kHz
R = 120K; —40 pF load 240 - - kHz
R = 1M; —40 pF load 25 - - kHz
Note

58. Conversion resistance values are not calibrated. Calibrated values and details about calibration are provided in PSoC Creator component data sheets. External

precision resistors can also be used.
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Table 11-41. PGA AC Specifications

Parameter Description Conditions Min Typ Max Units

BW1 —3 dB bandwidth Power mode = high, 6.7 8 - MHz
gain =1, input = 100 mV
peak-to-peak

SR1 Slew rate Power mode = high, 3 - - V/us
gain =1, 20% to 80%

en Input noise density Power mode = high, — 43 - nV/sqrtHz
VDDA =5 V, at 100 kHz

Figure 11-69. Noise vs. Frequency, Vppa =5V,

Figure 11-68. Bandwidth vs. Temperature, at Different Gain
Power Mode = High

Settings, Power Mode = High

10 1000
\‘
|
\.\
N E M
I
= 1 = 100 ™
2 2 <
0.1
-40 -20 0 20 40 60 80 10
Temperature, °C 0.01 0 1 10 100 1000
Gain = 1 Gain = 24 Gain = 48 KHz
11.5.11 Temperature Sensor
Table 11-42. Temperature Sensor Specifications
Parameter Description Conditions Min Typ Max Units
Temp sensor accuracy Range: —40 °C to +85 °C - 5 - °C
11.5.12 LCD Direct Drive
Table 11-43. LCD Direct Drive DC Specifications
Parameter Description Conditions Min Typ Max Units
lcc LCD system operating current Device sleep mode with wakeup at - 38 - pA
400-Hz rate to refresh LCDs, bus
clock = 3 MHz, VDD|O = VDDA =3V,
4 commons, 16 segments, 1/4 duty
cycle, 50 Hz frame rate, no glass
connected
lcc_sec Current per segment driver Strong drive mode - 260 - MA
Vgias LCD bias range (Vg ag refers to the |Vppa 23 V and Vppp = Vgias 2 - 5 \Y
main output voltage(V0) of LCD DAC)
LCD bias Step size VDDA >3V and VDDA > VB|AS — 9.1 x VDDA - mV
LCD capacitance per Drivers may be combined - 500 5000 pF
segment/common driver
Long term segment offset - - 20 mV
louT Output drive current per segment Vppio = 5.5V, strong drive mode 355 - 710 MA
driver)

Document Number: 001-11729 Rev. AF Page 107 of 140



w

—
P

—
— -
——
—
—

=2 CYPRESS PSoC® 3: CY8C38 Family Datasheet

K

Embedded in Tomorrow”

11.6.2 Counter

The following specifications apply to the Timer/Counter/PWM peripheral, in counter mode. Counters can also be implemented in
UDBs; for more information, see the Counter component data sheet in PSoC Creator.

Table 11-47. Counter DC Specifications

Parameter Description Conditions Min Typ Max Units

Block current consumption 16-bit counter, at listed input clock - - - MA
frequency
3 MHz - 15 - MA
12 MHz - 60 - MA
48 MHz - 260 - MA
67 MHz - 350 - MA
Table 11-48. Counter AC Specifications

Parameter Description Conditions Min Typ Max Units
Operating frequency DC - 67.01 MHz
Capture pulse 15 - - ns
Resolution 15 - - ns
Pulse width 15 - - ns
Pulse width (external) 30 ns
Enable pulse width 15 - - ns
Enable pulse width (external) 30 - - ns
Reset pulse width 15 - - ns
Reset pulse width (external) 30 - - ns

11.6.3 Pulse Width Modulation

The following specifications apply to the Timer/Counter/PWM peripheral, in PWM mode. PWM components can also be implemented
in UDBs; for more information, see the PWM component data sheet in PSoC Creator.

Table 11-49. PWM DC Specifications

Parameter Description Conditions Min Typ Max Units
Block current consumption 16-bit PWM, at listed input clock - - - MA
frequency
3 MHz - 15 - MA
12 MHz - 60 - uA
48 MHz - 260 - pA
67 MHz - 350 - MA

Table 11-50. Pulse Width Modulation (PWM) AC Specifications

Parameter Description Conditions Min Typ Max Units
Operating frequency DC - 67.01 MHz
Pulse width 15 - - ns
Pulse width (external) 30 - - ns
Kill pulse width 15 - - ns
Kill pulse width (external) 30 - - ns
Enable pulse width 15 - - ns
Enable pulse width (external) 30 - - ns
Reset pulse width 15 - - ns
Reset pulse width (external) 30 - - ns
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11.6.4 1°C
Table 11-51. Fixed I2C DC Specifications
Parameter Description Conditions Min Typ Max Units

Block current consumption Enabled, configured for 100 kbps - - 250 WA
- Enabled, configured for 400 kbps - - 260 MA
- Wake from sleep mode - - 30 pA

Table 11-52. Fixed I°C AC Specifications

Parameter Description Conditions Min Typ Max Units
- - 1 Mbps

Bit rate

11.6.5 Controller Area Network
Table 11-53. CAN DC Specifications[®®!

Parameter Description Conditions Min Typ Max Units
- - 200 MA

Ibp Block current consumption

Table 11-54. CAN AC Specifications!®
Parameter Description Conditions Min Typ Max Units
Bit rate Minimum 8 MHz clock - - 1 Mbit

11.6.6 Digital Filter Block
Table 11-55. DFB DC Specifications

Parameter Description Conditions | Min | Typ | Max Units
DFB operating current 64-tap FIR at Fpeg

500 kHz (6.7 ksps) - 0.16 0.27 mA

1 MHz (13.4 ksps) - 0.33 0.53 mA

10 MHz (134 ksps) . 33 53 mA

48 MHz (644 ksps) . 157 | 255 mA

67 MHz (900 ksps) - 21.8 35.6 mA

Table 11-56. DFB AC Specifications

Parameter Description Conditions Min Typ Max Units
Fore DFB operating frequency DC - 67.01 MHz
Note

59. Refer to ISO 11898 specification for details.
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11.6.7 USB
Table 11-57. USB DC Specifications
Parameter Description Conditions Min Typ Max Units
VyusB 5 Device supply (Vppp) for USB USB configured, USB regulator 4.35 - 5.25 \Y,
- operation enabled
Vyss 3.3 USB configured, USB regulator 3.15 - 3.6 \
- bypassed
Vyuse 3 usSB conflgured USB regulator 2.85 - 3.6 \
- bypassed!
lusB_configured | Device supply current in device Voop =5V, Fgpy = 1.5 MHz - 10 - mA
- i de, bus clock and IMO = = =
o M e Pus clockan Vppp =33V, Fcpy = 1.5 MHz - 8 - mA
lusB_suspended |Device supply current in device Vppp = 5V, connected to USB - 0.5 - mA
B sleep mode host, PICU configured to wake on
USB resume signal
Vppp = 5V, disconnected from - 0.3 - mA
USB host
Vppp = 3.3V, connected to USB - 0.5 - mA
host, PICU configured to wake on
USB resume signal
Vppp = 3.3V, disconnected from - 0.3 - mA
USB host

11.6.8 Universal Digital Blocks (UDBSs)

PSoC Creator provides a library of prebuilt and tested standard digital peripherals (UART, SPI, LIN, PRS, CRC, timer, counter, PWM,
AND, OR, and so on) that are mapped to the UDB array. See the component data sheets in PSoC Creator for full AC/DC specifications,
APIs, and example code.

Table 11-58. UDB AC Specifications
Parameter | Description Conditions | Min ‘ Typ | Max Units
Datapath Performance

Fmax TIMER |Maximum frequency of 16-bit timer in - - 67.01 MHz
- a UDB pair

Fmax ADDER | Maximum frequency of 16-bitadderin - - 67.01 MHz
- a UDB pair

Fmax_crc  |Maximum frequency of 16-bit - - 67.01 MHz

CRC/PRS in a UDB pair
PLD Performance

Fmax pLp  |Maximum frequency of a two-pass - - 67.01 MHz
PLD function in a UDB pair

Clock to Output Performance

toLk_out Propagation delay for clock in to data |25 °C, Vppp 2 2.7 V - 20 25 ns
out, see Figure 11-70.
toLk_out Propagation delay for clock in to data | Worst-case placement, routing, - - 55 ns
out, see Figure 11-70. and pin selection
Note

60. Rise/fall time matching (TR) not guaranteed, see USB Driver AC Specifications on page 87.
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11.9.2 Internal Low-Speed Oscillator
Table 11-79. ILO DC Specifications

Parameter Description Conditions Min Typ Max Units
Operating current[’®! Fout =1kHz - - 1.7 MA
lcc Fout = 33 kHz - - 26 MA
Fout = 100 kHz - - 26 MA
Leakage current(® Power down mode - - 15 nA
Table 11-80. ILO AC Specifications!’”]
Parameter Description Conditions Min Typ Max Units
Startup time, all frequencies Turbo mode - - 2 ms
FiLo ILO frequencies
100 kHz 45 100 200 kHz
1 kHz 0.5 1 2 kHz

Figure 11-78. ILO Frequency Variation vs. Temperature Figure 11-79. ILO Frequency Variation vs. Vpp
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11.9.3 MHz External Crystal Oscillator

For more information on crystal or ceramic resonator selection for the MHzECO, refer to application note AN54439: PSoC 3 and PSoC
5 External Oscillators.

Table 11-81. MHzECO DC Specifications

Parameter Description Conditions Min Typ Max Units
lcc Operating currentl’’] 13.56 MHz crystal - 3.8 - mA
Table 11-82. MHzECO AC Specifications

Parameter Description Conditions Min Typ Max Units
F Crystal frequency range 4 - 25 MHz
Note

76. This value is calculated, not measured.
77.Based on device characterization (Not production tested).
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Figure 13-5. WLCSP Package (4.25 x 4.98 x 0.60 mm)
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NOTES:

1. JEDEC Publication 95; Design Guide 4.18
2. ALL DIMENSIONS ARE IN MILLIMETERS
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