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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

M8C

8-Bit
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12C, SPI, USB

LVD, POR, PWM, WDT
36

32KB (32K x 8)
FLASH

2K x 8

1.71V ~ 5.5V

A/D 1x10b

Internal

-40°C ~ 85°C (TA)
Surface Mount
48-VFQFN Exposed Pad
48-QFN (7x7)
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2 CYPRESS

Embedded in Tomorrow"™

Pinouts

16-pin QFN (13 GPIOs) 12

CY8C24X93

Table 2. Pin Definitions — CY8C24093 13

Eion Diai Type Name Description
igital | Analog
1 I/0 | P2[5] | Crystal output (XOut)
2 I/0 | P2[3] | Crystal input (XIn)
3 | IOHR | P1[7] | I°C SCL, SPI SS
4 | IOHR I P1[5] | 1°C SDA, SPI MISO
5 | IOHR I P1[3] | SPI CLK
6 | IOHR [ P1[1] [1SSP CcLKM, 12C SCL, SPI
MOSI
7 Power Vgg | Ground connection
8 | IOHR | P1[0] |1ISSP DATAMI 12C SDA, SPI
CLKD!
9 | IOHR I P1[2]
10 | IOHR | P1[4] | Optional external clock
(EXTCLK)
1 Input XRES | Active high external reset with
internal pull-down
12 IOH I PO[4]
13 Power Vpp | Supply voltage
14 IOH I PO[7]
15 IOH | PO[3]
16 IOH | PO[1]

Figure 2. CY8C24093 Device

Al, XOut, P2[5]
Al XIn, P2[3]

Al,12C SCL, SPI SS,P1[7]
AlL12C SDA, SPI MISO, P1[5]

LEGEND A = Analog, | = Input, O = Output, OH = 5 mA High Output Drive, R = Regulated Output.

Notes

2.
3.
4.

No center pad.
13 GPIOs.
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Al, ISSP DATA , 12C SDA, SPI CLK, P1[0]

PO[4], Al

XRES

P1[4], EXTCLK Al
P1[2], Al

On power-up, the SDA(P1[0]) drives a strong high for 256 sleep clock cycles and drives resistive low for the next 256 sleep clock cycles. The SCL(P1[1]) line drives
resistive low for 512 sleep clock cycles and both the pins transition to high impedance state. On reset, after XRES de-asserts, the SDA and the SCL Ii£1es drive
resistive low for 8 sleep clock cycles and transition to high impedance state. Hence, during power-up or reset event, P1[1] and P1[0] may disturb the I“C bus. Use

alternate pins if you encounter issues.

Alternate SPI clock.
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32-pin QFN (28 GPIOs) [10]

Table 4. Pin Definitions — CY8C24293 [11]
Pin

Figure 4. CY8C24293 Device

No. Digital Analog | Name Description

1 IOH I PO[1]

2 /0 | P2[5] |Crystal output (XOut)

3 /0 | P2[3] |Crystal input (XIn) |

4 |0 I P2[1] Al XOut PO[1] fm 1 P2L4] A

5 110 | P4[3] Al XIn,P2[5] @ 2 P2[2] ,Al
A P23 = 3 P2[0] ,Al

6 110 I P3[3] Al P21 = 4 PA[2] Al

7 110 | P3[1] AlLPA3] = 5 P4[0] ,Al
AlLP3[3] = 6 P3[2] ,Al

2,

8 [IOHR P1[7] [I°C SCL, SPI SS AP b 7 P30] Al

9 IOHR P1[5] |I?C SDA, SPI MISO Al J2 C SCL, SPI SS,P1[7] = § XRES

1

1

0 |IOHR P1[3] |SPICLK.
1 |IOAR P1[1] |1SSP CLK "2, 12C SCL, SPI MOSI. g g =g § g :tz g
. 958 37352
12 |Power Vss Ground connection s9= g ©
13 [IOHR I P1[0] [1SSP DATAI'Z, 12C SDA, SPI CLKI™I £65 7 O
£<g @ =

14 |IOHR | P1[2] 8 8 =

15 |IOHR | P1[4] |Optional external clock input = 5 E
(EXTCLK) = 3 9

16 |IOHR | P1[6] g g

17 Input XRES |Active high external reset with :_’: :_‘
internal pull-down s =

18 |I/O | P3[0]

19 |I/O | P3[2]

20 |l/O | P4[0]

21 |l/O | P4[2]

22 |l/O | P2[0]

23 |l/O | P2[2]

24 |llO | P2[4]

25 |IOH | PO[0]

26 |(IOH | PO[2]

27 |IOH | PO[4]

28 |(IOH | PO[6]

29 |Power Vpp

30 |IOH | PO[7]

31 |IOH | PO[3]

32 |Power Vss Ground connection

CP |Power Vss Center pad must be connected to

ground

LEGEND A = Analog, | = Input, O = Output, OH = 5 mA High Output Drive, R = Regulated Output.

Notes

10.28 GPIOs.

11. The center pad (CP) on the QFN package must be connected to ground (Vgs) for best mechanical, thermal, and electrical performance. If not connected to ground,
it must be electrically floated and not connected to any other signal.

12. On power-up, the SDA(P1[0]) drives a strong high for 256 sleep clock cycles and drives resistive low for the next 256 sleep clock cycles. The SCL(P1[1]) line drives
resistive low for 512 sleep clock cycles and both the pins transition to high impedance state. On reset, after XRES de-asserts, the SDA and the SCL lines drive
resistive low for 8 sleep clock cycles and transition to high impedance state. Hence, during power-up or reset event, P1[1] and P1[0] may disturb the 12C bus. Use
alternate pins if you encounter issues.

13. Alternate SPI clock.

Document Number: 001-86894 Rev. *C Page 12 of 65
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48-pin QFN (36 GPIOs (With USB)) ['¥]

Table 6. Pin Definitions — CY8C24493 [20. 21]

Eion. Digital | Analog | Name Description Figure 6. CY8C24493
1 NC No connection
2 110 | P2[7]
3 I/0 | P2[5] |Crystal output (XOut)
4 110 | P2[3] |Crystal input (XIn) NC P2[6],Al
5[ Vo | 1|ean a2 s
6 I/o ' P4[3] A’I, Xin P2[3] B 4 P2{0} ﬁl
7 I/0 | P4[1] Al,P2[1] 5 P4[2] Al
8 I/0 | P3[7] Al,P4[3] B 6 _ P4[0] Al
O N N anafr  Topview oA
10 1’0 I P3[3] AlLP3[5] B g P3[2] Al
11 110 I P3[1] AlLP3[3] P 1 P3[0], Al
2_[TohR | 1_|Pif_[FoSoL SPISs s s Bl B
13 IOHR I P1[5] |I°C SDA, SPI MISO
14 NC Noconnection %%%%%§50§%§§
15 NC No connection z = g é ;L <
16 IOHR | P1[3] |SPICLK g < = 5 g
17 | 10HR I |P1[1] [ISSP CLKI [2C SCL, SPI MOSI = = & < =
18 Power Vgs Ground connection = . S
19 | 10 D+  |USBD+ a 8 -
20 110 D- USB D- < = <
21 Power Voo Supply voltage @ @
22 | I0HR I [P1[0] [1SSP DATAY 12C SDA, SPI =z =3
CLK??2 g g
23 | IOHR I |P1[2] &
24 IOHR I P1[4] Optional external clock input
(EXTCLK)
25 IOHR | P1[6]
26 Input XRES |Active high external reset with
internal pull-down
27 110 | P3[0]
28 110 | P3[2]
29 e I P3[4] Eg‘ Digital | Analog Name Description
30 110 | P3[6] 40 |IOH |l PO[6]
31 I/0 | P4[0] 41 Power Vbp Supply voltage
32 I/0 | P4[2] 42 NC No connection
33 I/0 | P2[0] 43 NC No connection
34 I/0 | P2[2] 44 |IOH |l PO[7]
35 I/0 | P2[4] 45 |IOH |l PO[5]
36 110 I P2[6] 46 |IOH |l PO[3]
37 IOH | PO[0] a7 Power Vss Ground connection
38 IOH I PO[2] 48 |IOH |l PO[1]
39 IOH I PO[4] CP Power Vss Center pad must be connected to ground

LEGEND A = Analog, | = Input, O = Output, NC = No Connection H = 5 mA High Output Drive, R = Regulated Output.

Notes

19.36 GPIOs.

20. On Power-up, the SDA(P1[0]) drives a strong high for 256 sleep clock cycles and drives resistive low for the next 256 sleep clock cycles. The SCL(P1[1]) line drives
resistive low for 512 sleep clock cycles and both the pins transition to High impedance state. On reset, after XRES de- asserts, the SDA and the SCL lines drive
resistive low for 8 sleep clock cycles and transition to high impedance state. In both cases, a pull-up resistance on these lines combines with the pull-down resistance
(5.6K ohm) and form a potential divider. Hence, during power-up or reset event, P1[1] and P1[0] may disturb the I12C bus. Use alternate pins if you encounter issues.

21.The center pad (CP) on the QFN package must be connected to ground (Vsg) for best mechanical, thermal, and electrical performance. If not connected to ground,
it must be electrically floated and not connected to any other signal.

22. Alternate SPI clock.
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Table 13. 1.71 Vto 2.4 V DC GPIO Specifications
Symbol Description Conditions Min Typ Max Units
Rpy Pull-up resistor - 4 5.60 8 kQ
VoH1 High output voltage lon = 10 pA, maximum of 10 mA|Vpp—0.20 - - \%
Port 2 or 3 pins source current in all I/Os
VoH2 High output voltage lon = 0.5mA, maximum of 10 mA|Vpp— 0.50 - - \%
Port 2 or 3 pins source current in all I/Os
VoH3 High output voltage loy = 100 pA, maximum of 10 mA|Vpp—0.20 - - \%
Port 0 or 1 pins with LDO regulator source current in all I/Os
Disabled for Port 1
VoHs High output voltage lon =2 mA, maximum of 10 mA source | Vpp — 0.50 - - \
Port 0 or 1 Pins with LDO Regulator current in all I/Os
Disabled for Port 1
VoL Low output voltage loL =5 mA, maximum of 20 mA sink - - 0.40 \
current on even port pins (for example,
PO[2] and P1[4]) and 30 mA sink
current on odd port pins (for example,
PO[3] and P1[5])
Vi Input low voltage - - - 10.30xVpp| V
Viy Input high voltage - 0.65xVpp| - - \
VH Input hysteresis voltage - - 80 - mV
I Input leakage (absolute value) - - 1 1000 nA
CpiN Capacitive load on pins Package and pin dependent 0.50 1.70 7 pF
temp =25°C

Table 14. GPIO Current Sink and Source Specifications

Supply Port 2/3/4 per | Total Current Even | Total Current Odd 3
Voltage Mode RONEERErliOi(max) 1/0 (max) Pins (max) Pins (max) s
1.71-24 Sink 5 20 30 mA
Source 0.5 10031 mA
24-3.0 Sink 10 10 30 30 mA
Source 0.2 10031 mA
3.0-5.0 Sink 25 25 60 60 mA
Source 5 1 200311 mA
Note

31. Total current (odd + even ports)

Document Number: 001-86894 Rev. *C
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DC POR and LVD Specifications (CY8C24193/493)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 19. DC POR and LVD Specifications

Symbol Description Conditions Min Typ Max | Units
VpoRro 1.66 V selected in PSoC Designer | Vpp mustbe greaterthanorequalto 1.71 V 1.61 1.66 1.71 \Y,
VPoR1 2.36 V selected in PSoC Designer ?:Srglgfrzt;”\zgigﬁ;ggfom the XRES pin, or - 236 | 2.41
Vpor2 2.60 V selected in PSoC Designer - 2.60 2.66
VpoR3 2.82V selected in PSoC Designer - 2.82 2.95
Vivpo 2.45V selected in PSoC Designer | — 2.40 2.45 2.51 \Y
VivD1 2.71V selected in PSoC Designer 26401 [ 271 | 278
Vivb2 2.92 V selected in PSoC Designer 285871 | 292 | 2.99
VivD3 3.02 V selected in PSoC Designer 2.95M8 | 302 | 3.09
Vivba 3.13 V selected in PSoC Designer 3.06 3.13 3.20
V\vD5 1.90 V selected in PSoC Designer 1.84 1.90 2.32
VivDs 1.80 V selected in PSoC Designer 17541 | 180 | 1.84
Vi vp7 4.73 V selected in PSoC Designer 4.62 4.73 4.83

DC Programming Specifications (CY8C24193/493)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 20. DC Programming Specifications

Symbol Description Conditions Min Typ Max Units

VooiwriTE | Supply voltage for flash write - 1.71 - 5.25 V
operations

Ippp Supply current during - - 5 25 mA
programming or verify

ViLp Input low voltage during See appropriate DC GPIO Specifications - - Vi \%
programming or verify (CY8C24093/293/393/693) on page 33

ViHp Input high voltage during See appropriate DC GPIO Specifications ViH - - Vv
programming or verify (CY8C24093/293/393/693) on page 33

liLp Input current when Applying V| p |Driving internal pull-down resistor - - 0.2 mA

to P1[0] or P1[1] during
programming or verify
livp Input current when applying V|yp |Driving internal pull-down resistor - - 1.5 mA
to P1[0] or P1[1] during
programming or verify

VoLp Output low voltage during - - Vgs+0.75| V
programming or verify
Vonp Output high voltage during See appropriate DC GPIO Specifications VoH - Vpp \%
programming or verify (CY8C24093/293/393/693) on page 33.
For Vpp > 3V use Vg in Table 36 on
page 33.
Flashgnpg | Flash write endurance Erase/write cycles per block 50,000 - - -
Flashpg |Flash data retention Following maximum Flash write cycles; 20 - - Years

ambient temperature of 55 °C

Notes
32. Always greater than 50 mV above VppgoRr1 Voltage for falling supply.
33. Always greater than 50 mV above VppoRro voltage for falling supply.
34. Always greater than 50 mV above VppoRr3 Vvoltage for falling supply.
35. Always greater than 50 mV above VppoRrg voltage for falling supply.

Document Number: 001-86894 Rev. *C Page 23 of 65
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AC I2C Specifications (CY8C24193/493)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 30. AC Characteristics of the I2C SDA and SCL Pins

Symbol Description St&%%aérd Fast Mode Units
Min Max Min | Max
fscL SCL clock frequency 0 100 0 400 | kHz
tHD:sTA Hold time (repeated) START condition. After this period, the first clock pulse is | 4.0 - 0.6 - us
generated

tLow LOW period of the SCL clock 4.7 - 1.3 - us
tHIGH HIGH Period of the SCL clock 4.0 - 0.6 - ps
tsu:sTA Setup time for a repeated START condition 4.7 - 0.6 - us
tio:pa O |Data hold time 20 | 345 | 20 |090]| ps
tsu:DAT Data setup time 250 - [100B3] — | ns
tsu.sTo Setup time for STOP condition 4.0 - 0.6 - us
tsuF Bus free time between a STOP and START condition 4.7 - 1.3 - us
tsp Pulse width of spikes are suppressed by the input filter - - 0 50 ns

Figure 11. Definition for Timing for Fast/Standard Mode on the 1°C Bus

SCL

at" clack

f3u:sTA

oth clock

Notes

40. To wake up from sleep using I12C hardware address match event, 12C interface needs 20 ns hold time on SDA line with respect to falling edge of SCL. See the
CY8C24x93 Silicon Errata document for more details.

41. A Fast-Mode I2C-bus device can be used in a standard mode I°C-bus system, but the requirement tsu:paT = 250 ns must then be met. This automatically be the
case if the device does not stretch the LOW period of the SCL signal. If such device does stretch the LOW period of the SCL signal, it must output the next data bit
to the SDA line tmay + tsy.paT = 1000 + 250 = 1250 ns (according to the Standard-Mode I°C-bus specification) before the SCL line is released.

Document Number: 001-86894 Rev. *C Page 28 of 65
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DC Chip-Level Specifications (CY8C24093/293/393/693)

The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 35. DC Chip-Level Specifications

Symbol Description Conditions Min Typ Max | Units
VDD[43' 44, 45] Supply voltage No USB activity. Refer the table DC POR | 1.71 - 5.50 \%
and LVD Specifications
(CY8C24093/293/393/693) on page 37
Vppuse®® 44 4% | Operating voltage USB activity, USB regulator enabled 4.35 - 525 | V
USB activity, USB regulator bypassed 3.15 3.3 3.60 \Y,
Ipp24 Supply current, IMO =24 MHz |Conditions are Vpp <3.0 V, Tp =25 °C, - - 4.00 mA
CPU = 24 MHz. No /O sourcing current
Ipp12 Supply current, IMO =12 MHz |Conditions are Vpp <3.0 V, Ty =25 °C, - - 2.60 mA
CPU =12 MHz. No I/O sourcing current
Ibps Supply current, IMO =6 MHz  |Conditions are Vpp < 3.0 V, Tp = 25 °C, - - 1.80 mA
CPU =6 MHz. No I/O sourcing current
Isgo Deep sleep current Vpp £3.0V, Tp =25 °C, I/O regulator - 0.10 1.05 pA
turned off
IsB1 Standby current with POR, LVD |Vpp < 3.0V, T =25 °C, I/O regulator - 1.07 1.50 pA
and sleep timer turned off
Isgi2c Standby current with 1°C Conditions are Vpp = 3.3V, Ty =25 °C - 1.64 - pA
enabled and CPU = 24 MHz
Notes

43.When Vpp remains in the range from 1.71 V to 1.9 V for more than 50 ps, the slew rate when moving from the 1.71 V to 1.9 V range to greater than 2 V must be
slower than 1 V/500 ps to avoid triggering POR. The only other restriction on slew rates for any other voltage range or transition is the SRpower up Parameter.
44.1f powering down in standby sleep mode, to properly detect and recover from a Vpp brown out condition any of the following actions must be taken:
a.Bring the device out of sleep before powering down.
b.Assure that Vpp falls below 100 mV before powering back up.
c.Set the No Buzz bit in the OSC_CRO register to keep the voltage monitoring circuit powered during sleep.
d.Increase the buzz rate to assure that the falling edge of Vpp is captured. The rate is configured through the PSSDC bits in the SLP_CFG register.
For the referenced registers, refer to the CY8C24x93 Te ?mlcal Reference Manual. In deep sleep mode, additional low power voltage monitoring circuitry allows
Vpp brown out conditions to be detected for edge rates slower than 1V/ms.
45. For USB mode, the Vpp supply for bus-powered application should be limited to 4.35 V-5.35 V. For self-powered application, Vpp should be 3.15 V-3.45 V.
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Table 37. 2.4V to 3.0 V DC GPIO Specifications

Symbol Description Conditions Min Typ | Max |[Units
Rpy Pull-up resistor - 4 5.60 8 kQ
VoH1 High output voltage lon < 10 pA, maximum of 10 mA source  |Vpp-0.20| - - \Y
Port 2 or 3 or 4 pins current in all I/Os

VoH2 High output voltage lon = 0.2 mA, maximum of 10 mA source |Vpp—-0.40| - - \Y
Port 2 or 3 or 4 pins current in all I/Os

VoH3 High output voltage lon < 10 pA, maximum of 10 mA source  |Vpp—-0.20| - - \Y
Port 0 or 1 pins with LDO regulator current in all I/Os
Disabled for port 1

VoHa High output voltage loy =2 mA, maximum of 10 mA source Vpp—-050| — - \
Port 0 or 1 pins with LDO regulator current in all I/Os
Disabled for Port 1

Vousa High output voltage lon < 10 pA, Vpp > 2.4 V, maximum of 1.50 1.80 | 2.10 \Y
Port 1 pins with LDO enabled for 1.8 V out| 20 mA source current in all I/Os

Vousa High output voltage lon=1mA, Vpp>2.4V, maximum of 20 mA 1.20 - - \Y,
Port 1 pins with LDO enabled for 1.8 V out|source current in all I/Os

VoL Low output voltage IOL = 10 mA, maximum of 30 mA sink - - 0.75 \Y

current on even port pins (for example,
PO[2] and P1[4]) and 30 mA sink current on
odd port pins (for example, PO[3] and P1[5])

Vi Input low voltage - - - 072 | V
Vi Input high voltage - 1.40 - \%
VH Input hysteresis voltage - - 80 - mV
I Input leakage (absolute value) - - 1 1000 | nA
CpiN Capacitive load on pins Package and pin dependent 0.50 1.70 7 pF
Temp =25 °C
ViLLvT2.5 |Input Low Voltage with low threshold Bit3 of IO_CFG1 setto enable low threshold 0.7 V -
enable set, Enable for Port1 voltage of Port1 input
Vihwvt2s | Input High Voltage with low threshold Bit3 of IO_CFG1 setto enable low threshold 1.2 - \Y
enable set, Enable for Port1 voltage of Port1 input

Table 38. 1.71 Vto 2.4 V DC GPIO Specifications

Symbol Description Conditions Min Typ Max Units
Rpy Pull-up resistor - 4 5.60 8 kQ
VoH1 High output voltage loy = 10 pA, maximum of 10 mA|Vpp—-0.20| - - \Y,

Port 2 or 3 or 4 pins source current in all I/Os
VoH2 High output voltage lon = 0.5 mA, maximum of 10 mA|Vpp—-0.50| - - \Y,
Port 2 or 3 or 4 pins source current in all I/Os
VoH3 High output voltage loy = 100 pA, maximum of 10 mA|Vpp—-0.20| - - \Y,
Port 0 or 1 pins with LDO regulator source current in all I/Os
Disabled for Port 1
VoHa High output voltage loy =2 mA, maximum of 10 mA source| Vpp —0.50| — - \
Port 0 or 1 Pins with LDO Regulator current in all I/Os
Disabled for Port 1
VoL Low output voltage loL = 5 mA, maximum of 20 mA sink - - 0.40 \
current on even port pins (for example,
PO[2] and P1[4]) and 30 mA sink
current on odd port pins (for example,
PO[3] and P1[5])
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Table 38. 1.71 Vto 2.4 V DC GPIO Specifications (continued)

Symbol Description Conditions Min Typ Max Units
VL Input low voltage - - - [0.30xVpp| V
ViH Input high voltage - 0.65 x Vpp| - - \Y,
Vy Input hysteresis voltage - - 80 - mV
I Input leakage (absolute value) - - 1 1000 nA
CpiN Capacitive load on pins Package and pin dependent 0.50 1.70 7 pF

temp =25°C

Table 39. DC Characteristics — USB Interface

Symbol Description Conditions Min Typ Max Units
Rusgl USB D+ pull-up resistance With idle bus 900 - 1575 Q
Rusea USB D+ pull-up resistance While receiving traffic 1425 - 3090 Q
Vonusg | Static output high - 2.8 - 3.6 \Y,
VoLusg | Static output low - - - 0.3 \Y
Vp) Differential input sensitivity - 0.2 - \Y,
Veum Differential input common mode range |- 0.8 - 25 \
Vse Single ended receiver threshold - 0.8 - 2.0 \Y
Cin Transceiver capacitance - - - 50 pF
lio High Z state data line leakage On D+ or D- line -10 - +10 A
Rps2 PS/2 pull-up resistance - 3000 5000 7000 Q
RexT External USB series resistor In series with each USB pin 21.78 22.0 22.22 Q

DC Analog Mux Bus Specifications (CY8C24093/293/393/693)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 40. DC Analog Mux Bus Specifications

Symbol Description Conditions Min Typ Max Units
Rsw Switch resistance to common analog bus|— - - 800 Q
Renp Resistance of initialization switch to Vgg |— - - 800 Q

The maximum pin voltage for measuring Rgyy and Rgnp is 1.8 V

DC Low Power Comparator Specifications (CY8C24093/293/393/693)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 41. DC Comparator Specifications

Symbol Description Conditions Min Typ Max Units
Vipc Low power comparator (LPC) common |Maximum voltage limited to Vpp 0.0 - 1.8 \Y,
mode
ILpc LPC supply current - - 10 40 pA
VosLpe  |LPC voltage offset - - 3 30 mV

Document Number: 001-86894 Rev. *C Page 35 of 65




CYPRESS CY8C24X93

Embedded in Tomorrow"™

DC POR and LVD Specifications (CY8C24093/293/393/693)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 44. DC POR and LVD Specifications

Symbol Description Conditions Min Typ Max Units
VpoRro 1.66 V selected in PSoC Designer | Vpp must be greater than or equal 1.61 1.66 1.71 V
VPoR1 2.36 V selected in PSoC Designer ;for; -t7h1e\§(;élg”§nf§”r:z’et ’f‘izﬁqt - 2.36 2.41
VpoRr2 2.60 V selected in PSoC Designer | watchdog. - 2.60 2.66
VpoR3 2.82 V selected in PSoC Designer - 2.82 2.95
Vivbo 2.45V selected in PSoC Designer |— 2.40 2.45 2.51 \Y
VivD1 2.71V selected in PSoC Designer 2.641401 2.71 2.78
Vivb2 2.92 V selected in PSoC Designer 2.851%71 2.92 2.99
VivD3 3.02 V selected in PSoC Designer 2.951481 3.02 3.09
Vivba 3.13 V selected in PSoC Designer 3.06 3.13 3.20
VivD5 1.90 V selected in PSoC Designer 1.84 1.90 2.32
VivDs 1.80 V selected in PSoC Designer 175049 1.80 1.84
Vi vp7 4.73 V selected in PSoC Designer 4.62 4.73 4.83

DC Programming Specifications (CY8C24093/293/393/693)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 45. DC Programming Specifications

Symbol Description Conditions Min Typ Max Units
VoowriTE | Supply voltage for flash write - 1.71 - 5.25 \Y
operations
Ippp Supply current during - - 5 25 mA
programming or verify
ViLp Input low voltage during See the appropriate DC  GPIO - - \in \%
programming or verify Specifications (CY8C24093/293/393/693)
on page 33
Vinp Input high voltage during See the appropriate DC  GPIO ViH - - \Y,
programming or verify Specifications (CY8C24093/293/393/693)
on page 33
liLp Input current when Applying V) p |Driving internal pull-down resistor - - 0.2 mA

to P1[0] or P1[1] during
programming or verify

linp Input current when applying V|yp |Driving internal pull-down resistor - - 1.5 mA
to P1[0] or P1[1] during
programming or verify

VoLp Output low voltage during - - |Vgs+0.75| V
programming or verify
Voup Output high voltage during See appropriate DC GPIO Specifications VoH - Vpp \Y
programming or verify (CY8C24093/293/393/693) on page 33. For
Vpp > 3 V use Vg, in Table 34 on page 31.
Flashgnpg  |Flash write endurance Erase/write cycles per block 50,000 - - -
Flashpr Flash data retention Following maximum Flash write cycles; 20 - - Years

ambient temperature of 55 °C

Notes

46. Always greater than 50 mV above Vppor1 Voltage for falling supply.
47. Always greater than 50 mV above Vppog, Vvoltage for falling supply.
48. Always greater than 50 mV above VppoRr3 Voltage for falling supply.
49. Always greater than 50 mV above VppoRrg Voltage for falling supply.
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AC Chip-Level Specifications (CY8C24093/293/393/693)

The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 49. AC Chip-Level Specifications

Symbol Description Conditions Min Typ Max Units
Fimoz24 IMO frequency at 24 MHz Setting - 22.8 24 252 MHz
Fimo12 IMO frequency at 12 MHz setting - 1.4 12 12.6 MHz
Fimos IMO frequency at 6 MHz setting - 5.7 6.0 6.3 MHz
Fcpu CPU frequency - 0.75 - 25.20 | MHz
F3ok1 ILO frequency - 15 32 50 kHz
Faok U ILO untrimmed frequency - 13 32 82 kHz
DCvo Duty cycle of IMO - 40 50 60 %
DCj o ILO duty cycle - 40 50 60 %
SRpower up |Power supply slew rate Vpp slew rate during power-up - - 250 Vims
txrsT External reset pulse width at power-up |After supply voltage is valid 1 - - ms
txrRsT2 External reset pulse width after Applies after part has booted 10 - - us

power-up

tos Startup time of ECO - - 1 - s

tyr mol>™! N=32 6 MHz IMO cycle-to-cycle jitter (RMS)| - 0.7 6.7 ns
6 MHz IMO long term N (N = 32) - 4.3 29.3 ns
cycle-to-cycle jitter (RMS)
6 MHz IMO period jitter (RMS) - 0.7 3.3 ns
12 MHz IMO cycle-to-cycle jitter (RMS)| — 0.5 5.2 ns
12 MHz IMO long term N (N = 32) - 23 5.6 ns
cycle-to-cycle jitter (RMS)
12 MHz IMO period jitter (RMS) - 0.4 26 ns
24 MHz IMO cycle-to-cycle jitter (RMS)| - 1.0 8.7 ns
24 MHz IMO long term N (N = 32) - 1.4 6.0 ns
cycle-to-cycle jitter (RMS)
24 MHz IMO period jitter (RMS) - 0.6 4.0 ns

Notes

50. The minimum required XRES pulse length is longer when programming the device (see Table 55 on page 42).

51. Refer to Cypress Jitter Specifications application note, Understanding Datasheet Jitter Specifications for Cypress Timing Products for more information.
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AC GPIO Specifications (CY8C24093/293/393/693)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.
Table 50. AC GPIO Specifications

Symbol Description Conditions Min | Typ Max Units
Ferio GPIO operating frequency Normal strong mode Port 0, 1 0 — |6 MHz for MHz
1.71V <Vpp<240V
0 — |12 MHz for MHz
240V <Vpp<5.50V
tRISE23 Rise time, strong mode, Cload = 50 pF |Vpp =3.0t0 3.6V, 10% to 90%| 15 - 80 ns
Port 2 or 3 or 4 pins
trISE23L Rise time, strong mode low supply, Vpp=1.71t03.0V,10% to 90%| 15 - 80 ns
Cload = 50 pF, Port 2 or 3 or 4 pins
trISEO1 Rise time, strong mode, Cload = 50 pF |Vpp=3.0t03.6V, 10% to 90%| 10 - 50 ns
Ports 0 or 1 LDO enabled or disabled
tRISEOIL Rise time, strong mode low supply, Vpp=1.71t03.0V,10% t0 90%| 10 - 80 ns
Cload = 50 pF, Ports 0 or 1 LDO enabled or disabled
tEALL Fall time, strong mode, Cload = 50 pF |Vpp=3.0t03.6V, 10% to 90%| 10 - 50 ns
all ports
tEALLL Fall time, strong mode low supply, Vpp=1.71t03.0V,10% to 90%| 10 - 70 ns
Cload = 50 pF, all ports

Figure 17. GPIO Timing Diagram
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AC Programming Specifications (CY8C24093/293/393/693)

Figure 18. AC Waveform
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The following table lists the guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 55. AC Programming Specifications

Symbol Description Conditions Min Typ Max Units
trRscLK Rise time of SCLK - 1 - 20 ns
tescLk Fall time of SCLK - 1 - 20 ns
tsscLk Data setup time to falling edge of SCLK |- 40 - - ns
tHscLK Data hold time from falling edge of SCLK |- 40 - - ns
FscLk Frequency of SCLK - 0 - 8 MHz
tERASEB Flash erase time (block) - - - 18 ms
tWRITE Flash block write time - - - 25 ms
tbscLk Data out delay from falling edge of SCLK |3.6 < Vpp - - 60 ns
tbscLk3 Data out delay from falling edge of SCLK |3.0 < Vpp < 3.6 - - 85 ns
thscLk? Data out delay from falling edge of SCLK |1.71 <Vpp <3.0 - - 130 ns
txrRsT3 External reset pulse width after power-up |Required to enter programming 300 - - us

mode when coming out of sleep
txRES XRES pulse length - 300 - - us
tvDDWAIT Vpp stable to wait-and-poll hold off - 0.1 - 1 ms
tVDDXRES Vpp stable to XRES assertion delay - 14.27 - - ms
troLL SDATA high pulse time - 0.01 - 200 ms
taca “Key window” time after a Vpp ramp - 3.20 - 19.60 ms
acquire event, based on 256 ILO clocks.
tXRESINI “Key window” time after an XRES event, |- 98 - 615 us
based on 8 ILO clocks
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AC I2C Specifications (CY8C24093/293/393/693)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 56. AC Characteristics of the 12C SDA and SCL Pins

o Standard Mode Fast Mode .

Symbol Description - - Units

Min Max Min Max

fscL SCL clock frequency 0 100 0 400 kHz

tHD:STA Hold time (repeated) START condition. After this period, the first 4.0 - 0.6 - V]
clock pulse is generated

tLow LOW period of the SCL clock 4.7 - 1.3 - VE
tHiGH HIGH Period of the SCL clock 4.0 - 0.6 - us
tsu.sTA Setup time for a repeated START condition 4.7 - 0.6 - us
tHD:DAT Data hold time 0 3.45 0 0.90 us
tsu:DAT Data setup time 250 - 100153 - ns
tsu:sTo Setup time for STOP condition 4.0 - 0.6 - VE
tsuF Bus free time between a STOP and START condition 4.7 - 1.3 - VE
tsp Pulse width of spikes are suppressed by the input filter - - 0 50 ns

Figure 19. Definition for Timing for Fast/Standard Mode on the 1°C Bus

oth clock

Note

53. A Fast-Mode I°C-bus device can be used in a standard mode I°C-bus system, but the requirement tsu:paT = 250 ns must then be met. This automatically be the
case if the device does not stretch the LOW period of the SCL signal. If such device does gtretch the L8W period of the SCL signal, it must output the next data bit
to the SDA line trmax + tsy.pat = 1000 + 250 = 1250 ns (according to the Standard-Mode 1°C-bus specification) before the SCL line is released.
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Table 58. SPI Slave AC Specifications

Symbol Description Conditions Min Typ Max Units
FscLk SCLK clock frequency - - - 4 MHz
tLow SCLK low time - 42 - - ns
tHiGH SCLK high time - 42 - - ns
tseTup MOSI to SCLK setup time - 30 - - ns
thoLp SCLK to MOSI hold time - 50 - - ns
tss miso SS high to MISO valid - - - 153 ns
tscLk MIso SCLK to MISO valid - - - 125 ns
tSS HIGH SS hlgh time - 50 - - ns
tss cLk Time from SS low to first SCLK | — 2/SCLK - - ns
tck ss Time fromlast SCLK to SS high | — 2/SCLK - - ns

Figure 22. SPI Slave Mode 0 and 2
SPI Slave, modes 0 and 2

Toso | Towcss
/SS \
SCLK — ) -
(mode 0)
SCLK
(mode 2)

T
Tss_miso j-—our
]

MISO N
(output) ; N

Tss Hon 1

]

1/Fsci !

A
v

y
1§

1 Tseroe | Thow

O
MOS! ' ;
(input) : MSB 1 LSB

Figure 23. SPI Slave Mode 1 and 3
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Development Tool Selection
Software

PSoC Designer™

At the core of the PSoC development software suite is PSoC
Designer. Utilized by thousands of PSoC developers, this robust
software has been facilitating PSoC designs for over half a
decade. PSoC Designer is available free of charge at
http://www.cypress.com.

PSoC Programmer

Flexible enough to be used on the bench in development, yet
suitable for factory programming, PSoC Programmer works
either as a standalone programming application or it can operate
directly from PSoC Designer. PSoC Programmer software is
compatible with both PSoC ICE-Cube In-Circuit Emulator and
PSoC MiniProg. PSoC Programmer is available free of charge
at http://www.cypress.com.

Development Kits
All development kits are sold at the Cypress Online Store.

CY3215-DK Basic Development Kit

The CY3215-DK is for prototyping and development with PSoC
Designer. This kit supports in-circuit emulation and the software
interface enables users to run, halt, and single step the
processor and view the content of specific memory locations.

Document Number: 001-86894 Rev. *C

PSoC Designer supports the advance emulation features also.
The kit includes:

m PSoC Designer Software CD

m |CE-Cube In-Circuit Emulator

m |CE Flex-Pod for CY8C29X66A Family

m Cat-5 Adapter

m Mini-Eval Programming Board

m 110 ~ 240 V Power Supply, Euro-Plug Adapter
m iIMAGEcraft C Compiler (Registration Required)
m |SSP Cable

m USB 2.0 Cable and Blue Cat-5 Cable

m 2 CY8C29466A-24PXI| 28-PDIP Chip Samples

Evaluation Tools

All evaluation tools are sold at the Cypress Online Store. For
more information on PSoC 1 Kkits, visit the link
http://www.cypress.com/?rID=63754

Device Programmers

All device programmers are purchased from the Cypress Online
Store.
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2. Missed GPIO Interrupt
m Problem Definition

When in sleep mode, if a GPIO interrupt happens simultaneously with a Timer0 or Sleep Timer interrupt, the GPIO interrupt may
be missed, and the corresponding GPIO ISR not run.

m Parameters Affected
No datasheet parameters are affected.
m Trigger Condition(S)
Triggered by enabling sleep mode, then having GPIO interrupt occur simultaneously with a Timer 0 or Sleep Timer interrupt.
m Scope of Impact
The GPIO interrupt service routine will not be run.
m Workaround

The system should be architected such that a missed GPIO interrupt may be detected. For example, if a GPIO is used to wake
the system to perform some function, the system should detect if the function is not performed, and re-issue the GPIO interrupt.

Alternatively, if a GPIO interrupt is required to wake the system, then firmware should disable the Sleep Timer and TimerO0.

Alternatively, the ISR’s for Sleep Timer and Timer0 should manually check the state of the GPIO to determine if the host system
has attempted to generate a GPIO interrupt.

m Fix Status
Will not be fixed

m Changes
None

3. Missed Interrupt During Transition to Sleep

m Problem Definition

If an interrupt is posted a short time (within 2.5 CPU cycles) before firmware commands the device to sleep, the interrupt will be
missed.

m Parameters Affected
No datasheet parameters are affected.

m Trigger Condition(S)
Triggered by enabling sleep mode just prior to an interrupt.

m Scope of Impact
The relevant interrupt service routine will not be run.

m Workaround
None.

m Fix Status
Will not be fixed

m Changes
None
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Appendix B: Silicon Errata for the PSoC® CY8C24193/493 Families

This section describes the errata for the PSoC® CY8C24193/493 families. Details include errata trigger conditions, scope of impact,
available workarounds, and silicon revision applicability.

Contact your local Cypress Sales Representative if you have questions.

CY8C24193/493 Qualification Status
Product Status: Production released.

CY8C24193/493 Errata Summary
The following Errata items apply to the CY8C24193/493 datasheet 001-86894.

1. Wakeup from sleep may intermittently fail

m Problem Definition
When the device is put to sleep in Standby or I2C_USB Mode and the bandgap circuit is refreshed less frequently than every 8 ms
(default), the device may not come out of sleep when a sleep-ending input is received.

m Parameters Affected
None

m Trigger Condition(S)

By default, when the device is in the Standby or 1I2C_USB sleep modes, the bandgap circuit is powered-up approximately every 8
ms to facilitate detection of POR or LVD events. This interval can be lengthened or the periodic power-up disabled to reduce sleep
current by setting the ALT_BUZZ bits in the SLP_CFG2 register or the Disable Buzz bit in the OSC_CRO register respectively. If
the bandgap circuit refresh interval is set longer than the default 8 ms, the device may fail to wakeup from sleep and enter a locked
up state that can only be recovered by Watchdog Reset, XRES, or POR.

m Scope of Impact

The trigger conditions outlined above may cause the device to never wakeup.

m Workaround

Prior to entering Standby or 12C_USB sleep modes, do not lengthen or disable the bandgap refresh interval by manipulating the
ALT_BUZZ bits in the SLP_CFG2 register or the Disable Buzz bit in the OSC_CRO register respectively.

m Fix Status
This issue will not be corrected in the next silicon revision.
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2. 12C Errors

m Problem Definition
The 12C block exhibits occasional data and bus corruption errors when the I2C master initiates transactions while the device is

transitioning in to or out of sleep mode.

m Parameters Affected
Affects reliability of I2C communication to device, and between 12C master and third party 12C slaves.

m Trigger Condition(S)
Triggered by transitions into and out of the device’s sleep mode.
m Scope of Impact

Data errors result in incorrect data reported to the 1°C masteré or incorrect data recelved from the master by the device. Bus
corruption errors can corrupt data in transactions between the I“C master and third party 12C slaves.

= Workaround
Firmware workarounds are avallable in firmware. Generally the workaround consists of disconnecting the 12C block from the bus
prior tozgomg to sleep modes. I2C transactions during sleep are supported by a protocol in which the master wakes the device prior

to the 1“C transaction.
m Fix Status

To be fixed in future silicon.
m Changes

None

3. DoubleTimer0 ISR

m Problem Definition
When programmable timer 0 is used in “one-shot” mode by setting bit 1 of register 0,BOh (PTO_CFG), and the timer interrupt is
used to wake the device from sleep, the interrupt service routine (ISR) may be executed twice.

m Parameters Affected
No datasheet parameters are affected.

m Trigger Condition(S)
Triggered by enabling one-shot mode in the timer, and using the timer to wake from sleep mode.

m Scope of Impact
The ISR may be executed twice.

m Workaround
In the ISR, firmware should clear the one-shot bit with a statement such as “and reg[BOh], FDh”

m Fix Status

Will not be fixed
m Changes

None
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6. Wakeup from sleep with analog interrupt

m Problem Definition
Device wakes up from sleep when an analog interrupt is trigger

m Parameters Affected
No datasheet parameters are affected.

m Trigger Condition(S)
Triggered by enabling analog interrupt during sleep mode when device operating temperature is 50 °C or above

m Scope of Impact
Device unexpectedly wakes up from sleep

m Workaround
Disable the analog interrupt before entering sleep and turn it back on upon wakeup.

m Fix Status
Will not be fixed

m Changes
None
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