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Abstract

This report describes a design and construction ultrasonic distance measurement system. The
circuit of ultrasonic distance measurement system this to consist hardware and software, The
hardware design to use ultrasonic as sensor in form ultrasonic wave sent to surface object and
feedback to onigin point in receiver circuit. The system have microcontroller (PSOC) is to
compile. The software design to uses C language all controls system in the PSOC 1o do from
generates frequency 40 kHz , band pass filter , until to math calculate and show distance
measure was millimeters at monitor. To working in the PSOC it have two section are Analog and

Digital. So that is easy to design schcmatic and flexible to develop microcontroller{PSeC)
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Pin Name Description Input/Qupput

SMP Switch Mode Pump Power

Vdd Supply Voltage Power

Vss Ground Input

XRES External Reset (Active High) input/Output
PO[O] - PO[1] Port 0[0], 0[1], Analog Input Input/Qutput
PO[2] - PO[5] Port 0[2], 0[3], O[4], O[5]. Analog Input/Output Input/Output
P0{6] - PO[7] Port 0[6), 0[7], Analog Input Input/Output
P1[0] Port 1{0],ALOut / SDATA /12C SCL Input/Output
P1[1] Port 10), XTALIn / SCLK /12C SCL Input/Output
P1[2] Port 1[2] input/Output
P13} Port 1[3] Input/Qutput
P1[4] Port 1f4], EXTCLK Input/Cutput
P1[5] Port 1]5], 12C SDA input/Cutput
P1[6] Port 1[6] Input/Output
P1[7] Port 1{7], 12C SCL Input/Output
P2[0] - P2[3] Port 2[0], 2[1], 2[2], 2{3], Non-Multiplexed Analog Input/Output

input{Switched Capacitor)

pP2{4) Port 2{4], External AGND Input/Output
P2{5] Port 2{5] Input/Output
P2{6] Port 2{6], External VREF Input/Output
P2[7] Port 2{7] Input/Output
P3{0] - P3[7] Part 3[0], 3[1], 3{2], 3(3], 3[4], 3[5], 3[6], 3[7] Input/Output
P4{0] - P4[7] Port 4]0], 4[1]. 4[2]. 4[3]. 4[4]. 4[5]. 4[6], 4[7] input/Output
P5[0] - P5[3]} Port 5[0], 5[1]. 5[2], 5[3] input/Output
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2) M3INABDINN Band Pass Filter A NMUDTMUIUHAETMAMA 20 kHz — 60 kHz A

A1319N 1

Freq (Hz) Pluse (dB)
20240 -19.4123
25170 -16.8933
30040 -9.8699
32080 -8.94664
34000 -5.4167
35060 -3.3626
35950 171314
40350 0
41700 0
43200 -0.31846
44900 -1.71314
45900 “3.31159
47700 6.66964
51280 -9.8699
54900 -12.0412
60150 -12.0412
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szuzvnaads (cm)

szuzvnfield (cm)

akafi 1 | a%eid 2 | n%en 3 Wiy Aawaa(%)
0 129 129 13 12.93333 HEREE
10 126 13.2 13 12.93333 29.33333333
20 218 206 20.3 209 45
30 314 31 31.5 313 4.333333333
40 415 40.2 40.6 40.76667 1.9166666567
50 536 51.6 52 524 4.8
60 62.1 622 627 62.33333 3.888858889
70 72.5 726 729 72.66667 3.80952381
80 83.9 834 819 83.06667 3.833333333
90 921 929 94 1 93.03333 3.37037037
100 103.3 103.6 103.1 103.3333 3.333333333
110 114.9 114.2 114 1 1144 4
120 124 .4 124.5 124.4 124 4333 3.694444444
130 136.7 136.2 1345 135.8 4461538462
140 1451 145.6 1443 145 3571428571
150 155.3 157.2 1563 155.9333 3.955555556
160 166.4 166.5 165.8 166.2333 3.895833333
170 176.2 176.8 176.4 176.4667 3.803921569
180 187.4 187 187.5 187.3 4.055555556
190 198.5 198.4 198 6 198.5 4. 473684211
200 2076 207.8 207.7 207.7 385
210 2186 2186 217.7 2183 3.952380952
220 2284 2287 228.4 2285 3.863636364
230 2381 2387 237.7 238.1667 3.550724638
240 250.2 253 2497 250.9667 4 569444444
250 263.7 263.3 260.1 262.3667 4 946666667
260 2716 2714 2721 271.7 45
270 282 282 284 .4 2828 4 740740741
280 291.4 2914 293.8 2922 4.357142857
290 302.1 302.2 300 301.4333 3942528736
300 312.3 3123 3124 312.3333 4111111111
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30 30.4 32 326 34 343
30.1 306 321 326 341 344
30.2 30.7 32.2 32.7 34.2 34.5
30.3 30.8 323 328 M3 346
304 309 324 329 34.4 347
30.5 31.1 325 329 345 48
30.6 3t.2 326 33 346 349
30.7 31.4 32.7 331 a7 35
308 3.4 32.8 33.2 34.8 351
30.9 315 329 33.3 349 35.2

3" 3165 33 334 35 352
31.1 317 331 334 35.1 351
31.2 31.8 33.2 33.6 35.2 353
313 31.9 333 337 35.3 354
314 31.9 34 338 354 354
31.5 32 33.5 339 355 355
36 321 338 34 35.6 35.5
Mz 32.2 33.7 341 35.7 356
31.8 323 338 341 35.8 357
319 324 3319 34.3 359 358
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// C main line

[ =mmmem e e e e

#include <m8c.h> // part specific constants and macros
#include "PSoCAPLL" // PSoC API definitions for all User Modules
#include <stdlib.h>

#include <dclay.h>

#tpragma interrupt_handler ist_timer16 2

#define TIMER16 2 MAXCOUNT (3750-1)

#define TIMER16 2 MINVAL 23

#deline SAMPLERATE 200 # Sampling 200KHz (1count =

346/200=1.73mm)

unsigned int cval = 0x1234;

unsigned char intcount = 200;

void isr_timerl6é 2()

{
if (intcount == 0) {
intcount--;
if (inteount == 0)
eval = Timerl6 2 wRcadComparcValue();
i
H

#detfine BANDGAT 1.3

#define VREF (BANDGAP*1.6)



Fdefine AGND (BANDGAP*1.6)

#deline SWIN (x40 # sct o POL6
float tcmp;

int ain;

int offset;

char TextBuff[5];

void main()

{
int distance;
nt sspeed;

char  pastsw;

// Insert your main routine code here.
PGA_1 Start(PGA 1 HIGHPOWER);
PGA_2 Start(PGA 2 HIGHPOWER),
PGA 3 Start{PGA 3 LOWPOWER]);
SAR6 | Start(SAR6 1 LOWPOWER);
CMPPRG 1 Start{fCMPPRG | RIGHPOWERY);
BPF2 1 St2rn(BPF2 1 HIGHPGWER);
BPL'2 2 Stan(BPF2 2 HIGHPOWER);
Timerl6 1 Start();
Timerl6 2 Start();
PWMDBSE 1 Siart();
PWME 1 Start();
ACBO3CR2 |- 0x14;
SPIS 1 Swart(SPIS 1 SPIS MODE 0);
LCD Y Suan();
E2PROM | Start():

Timerl6é 2 Enablelnt();



"

PRTODR = SWIN;

offset = TIMERI16 2 MINVAL; /{ sct offset to time min
E2PROM | E2Recad(0, (char *)&offsct,2); /f read offset from e2prom
Heursor{0,0);

LCD 1 Position(0.0);
fprintfl"PSoC RangeFinder\n");
LCD 1 PrCString(" DISTANCE ")
LCD 1 Position{1,0),
{fprntf("*READY");
LCD 1 PrCString(" MEASUREMENT ");
pastsw = (J;
MEC_EnableGlnt;
while(1) {
if (intcount == 0) {
/eursor(Q,0);
LCD_t Position(0,0);
if (PRTODR & SWIN) == 0) {
//print{("Calibrate 30cm \n"});
LCD 1 PrCString("Calibrate 30cm "),
digtance = (long)600*(long(SAMPLERATE)/(1ong)sspeed;
// cal distance
offset = distance - (TIMER16_2 MAXCOUNT-cval);
Hprintf("OFFSET = %05d \n" ottsct),
[.CD 1 Position(1,0);
LCD | PrCString("OFFSET :);
ioa(TextBulf,offset, 10);
LCD 1 PrString(TextBuft);
1.CD 1 PrCSuring("mm ")
pastsw = 1. / set status

} CISU i



if (pastsw ==1) { // write offset to e2prom
E2PROM 1 bE2Write(0,(char *)&oflset,2,25);
pastsw = 0;

b

distance = TIMER 16 2 MAXCOUNT + offset - cval;

ain = (in)SAR6_1_GetSample();

temp = (VREF/32.0*(float)ain+t AGND)/8.0*100.0+-2.0;

sspeed = 332+temp*607/1000;

Hprintf(" %041 C %03dm/s \n",lemp,sspeed);

LCD 1 Position(0,0);

itoal{ TextBuff,temp,10);

LCD_1_PrString(TextBuff);

LCD | PrCString("C ");

itoa( TextBull sspeed,10);

LCD 1 PrString(TextBufT),

LCD 1 PrCString("m/s "},

distance = (long)distance * (long)sspeed /

(long)(SAMPLERATE*2);

Hprint{"DIST: %05dmm ".distance);

LCD 1_Position(1,0);

LCD 1 PrCString("DIST: ");

itoa( TextBuif distance, 10);

LCD 1 _PrString(TextBuft);

LCD_| PeCString("mm  ");

wntcount = 25;
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Specification

400ST160 Transmitter

400SR160 Receiver

Center Frequency 40,0+1.0Khz

Bandwidth (-6dB) 4005T160 [2.0Khz
4005R160 §2.5Khz

Transmitting Sound Pressure  |120dB min.

Level

at 40.0Khz; 0dB re 0.0002tbar

per 10Vrms at 30cm

Receiving Sensitivity -65dB min.

at 40.0Khz 0dB = 1 volt/bar

Capacitance at 1Khz +20%  [2400 pF

Max. Driving Voltage (cont.)  [20Vrms

Total Beam Angle  -6dB 55° typicat

Operation Temperature -30 to 80°C

Storage Temnperature 40 to 85°C

All specafication taken typical at 25°C

Closer frequency tolerance can be supplied

upon request,

Models available:

1 400ST/R160 {Aluminmn Housing

400ST/R16B {Black Al. Housing

2
2 400ST/R10OP |Plastic Housing
3 [400ST/RI6F |Al Housing w/Solid Grid

Dimensions: dimensions are in mm
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50 VO Ports

5.1 Introduction

Up 1o five 8-bit-wide O ports (PO-P4) and one 4-hit wide
VO pori {P5) are implemented. The number of general
purpose Qs implemented and connected to pins
depends on the individual part chosen. Al port bis are
independently programmable and have the following
capabiiies:

®»  General-purpose digital input readable by the CPU.

= General-purpose digitat output writable by the CPU.

= Independent control of data direction for each port
bit.

= [ndependent access for each portbit to Globat Input
and Global Qutput busses.

* Intermupt programmable to assert on fising edge,
falling edge, or change from lasl pin sfate read.

= Qutput drive strength programmable in logic 0 and 1
states as strong, resistive (puli-up of pult-down), or
high impedance.

T Aslew rate controtied outpul mode is availatie.

*  Inhigh impedetice, the digital input can be disabled
1o lower power consumption

Port 1, Pin 0 is used in conjunction with device Test

Mode and does not behave the same as other #D ports

immediatety after reset A device reset with Power On

Reset (POR)Y will drive P1{0] high for 8 ms immediatety

after POR 1s released because there 15 a CPU hotd-oft

tme of approximalely 64 ms before code execufion
begins. it wili then drive P[0} ow for 8 ms. This can

impaci external circuits connected to Port 1, Pin 0.

in System Sieep State, GPIO Pins P2[4] and P2{6]
should be held to a logic low of a false Low Voltage
Detect intemupt may be triggensd. The cause is in the
System Steep State, the intemnal Bandgap reference
generator is tumed off and the reference voltage is main-
tained on a capacitor.

The crcumstances are that during sleep, the reference
voltage on the capacitor is refreshed perodically at the
sleep system duly cyde. Between refresh cycles, this
voltage may leak sfightly to eithar the positive supply o
ground. if pins P2{4} or P2[6] are i a high state, the leak-
age to the positive supply is accelerated {especially at
high temperature}. Since the reference voltage is com-
pared to the supply to detect 2 low voitage cordifion, this
accelerated leakage o the positive supply voltage will
cause that voltage to appear kawer than it actually is,
leading to the generation of a false Low Voltage Detect
interrupt.

Poit 0 and Port 2 have additional analog input anxdlor
anglog outpul capabilty. The specific routing and mufh-
plexing of analog signals is shown in the foflowing dia-
gram-
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€.3 Port Global Select Registers
Tabke 30:  Poft Global Select Registers

Bit [7:0]. Giobal Sglect [T:01 When wiitten delermines whether a pin is connected 1o the CGlobal ingut Bus and Gio-
hal Cutpud Bus

0 = Nof Connecled

1 = Connetted

Dyive Moda xx = Global Select Register 0 = StandardCPU controlled port (Defautt}
Drive Mode 1 0 (High Z) = Global Select Register 1 = Direct Drive of associated Global tnput ine
Orive Mode 00, 0 1, 1 1 = Glohat Select Register 1 = Direct Recedve from assoriated Global Output tne

Part D Global Select Register {PRTDGS, Address = Bank 0, 02h)
Port 1 Globyal Select Register (PRT1GS, Address = Bank 0, 06h)
Port 2 Glohal Select Register (PRT2GS, Address = Bank 0, 0ah)
Port 3 Global Select Register (PRT3GS, Address = Bank 0, OEhj
FPost 4 Global Select Register (PRTAGS, Address = Bank 0, 12h)
Port 5 Globat Select Register {(PRT5GS. Address = Bank 0, 16h) Nole: if inplemented, Poit 5 is 4-its wide

€.3.1  Port Drive Mode 0 Registers
Table 31:  Post Drive Mode 0 Repisters

Bit {7:0). DM0OI7;0] The two Drive Mode bits that conirol a particular port pin are treated as a pair and are decoded
as follows:

Por Data Register Bit 0 = Orive Moda 0 0 = O Resistive {Defauh)
Por Dala Register Bil 0 = Drive Mode 0 1 = 0 Strong

Fort Data Register Bit 0 = Drive Mode 1 0 = High 2

Por Data Register Bit 0 = Drive Mode 1 1 = 0 Strong

Porl Data Register Bit 1 = Dimre Mode 0 0 = 1 Strong

Port Data Register Bit 1 = Drive Moge 0 1 = 1 Strong

Port Data Register Bit 1 = Drive Mode 10 = HighZ

Poart Data Register Bit 1 = Drive Mede 1 1 = 1 Reslstive

Fon [ Dive Mode D Register (PRTODMO, Address = Bank 1, 00h)
Poit 1 Diive Mode 0 Register (PRT1DMO, Address = Bank 1, 04h)
Port 2 Brive Mode 0 Register (PRT2DM0, Address = Bank 1, 08h)
Poit 3 Dnve Mode 0 Register (PRTIDMQ, Address = Bank 1, GCh)
Poit 4 Drive Mode D Register (PRTADMO, Address = Bank 1, 10h}
Poit 5 Drive Mode D Register (PRTSDMD, Address = Bank 1, 14h) Note: Pon 5 15 4-hits wide



6.3.2 Port Drive Mode 1 Reglsters
Table 322 Porl Drive Mode 1 Ragisters

Bit [7:0}: DM117:0] See truth table for Port Drive Mode 0 Registers, above

Port 0 Drive Mode 1 Register {PRTODM1, Address = Bank 1, 01h}
Port 1 Drive Mode 1 Register (PRT10M1, Address = Bank 1, 05h)
Port 2 Drive Mode 1 Register (PRT2DM1, Address = Bank 1, 09h)
Port 3 Drive Mode 1 Register (PRT3DM{, Address = Bank 1, 0Dh)
Port 4 Drive Mode 1 Register (PRTADM1, Address = Bank 1, 11h)
Poit 5 Diive Mede ) Register (PRTS5DM1, Address = Bark 1, 15h) Note. Port 5 is 4-hits wide

£5.3.3  Por Interrupt Control 0 Registers
Table 33:  Porlinterrupt Controt 0 Regislers

Bit [7:0]. 1CDI7:0] The two interrupt Control hits that control a particular port pin are treated as a pair and are
decoded as follows:

IC1 [x}, 1CO {x) = 0 0 = Disabled {Default)

IC1 [x), ICO {x} = 0 1 = Falling Edge (-)

1C1 [x], ICG [x] = 1 0 = Rising Edge {+)

1C1 [x], 1C0 [x} = 1 1 = Change from L as! Ditec! Read

Port 0 tnterrupt Control 0 Register (PRTOICO, Address = Bank 1, 02h)
Port 1 interrupt Control 0 Register (PRT1ICO, Address = Bank 1, G6h)
FPort 2 Interrupt Control 0 Register (PRT2ICO, Adaress = Bank 1, DAh)
Port 3 interrupt Control 0 Register (PRT3ICO, Address = Bank 1, 0Eh)
Port 4 interrupt Control 0 Register (FRT4ICE, Address = Bank 1, 12h)
Parl 5 Interrupt Control 0 Register {(PRTSICO, Address = Bank 1, 16h) Note. Porl 5 is 4-hits wide



6.3.4 PortInterrupt Control 1 Registers

Table 34:  Port Interrupt Control 4 Registers
~7 [ 6 5

Bit [7:0]: ICA {701 See iruth table for Port Interrupt Confrol O Registers, above

Port 0 interrupt Control 1 Register (PRTDIC1, Address = Bank t, 03h)
Paort 1 Interrupt Control 4 Register {(PRT1IC1, Address = Bank 1, 07h)
Port 2 intemupt Control 1 Regisier {(PRT2IC1, Address = Bank 1, 0Bh)
Port 3 Interrupt Control 1 Register (PRT3ICY, Address = Bank 1, OFh)
Port 4 Interrupt Control 1 Regisier (PRT4ICY, Address = Bank 1, 13h)
Port 5 Interrupt Control 1 Register (PRTSIC, Address = Bank 1, 17h) Note: Port 5 is 4-bits wide



7.0 Clocking

7.1 Oscillator Options

7.1 Interna) Main Oscillator

The intemal main osciflater outputs two frequencies, 48
MHz and 24 MHz. In the absence of a high-precision
input source from the extemal oscitator, the accuracy of
this circuil is +/- 2.5% (between 0°C and +BE°C). No
external components are required to achieve this levet of
accuracy The intemal Main Oscillator Tnm Register
(IMO_TR) is used to calibrate this oscitator into specified
tolerance. Facory-programmed trim vahjes are avaflable
for 5.0V and 2.3V operation. The 5.0V value is loaded in
the IMO_TR regisler upon reset. This register must be
adjusted when the cperating voitage is cutside the range

Table 35:

internal Main Osciltator Trim Register

for which faclory calibralion was set. The {actory-pro-
grammed trim value & selected using the Table Read
Supervisor Call, and s documented in 11.8.

There 15 an optioh lo phase Jock this oscillator o the
Externa! Crystal Oscillator. The chaice of crystal and its
inherent accuracy will determine the overall accuracy of
the osciltator. The Extemnal Crystal Oscitlator must be
stable prior to locking the frequency of tha Intemal Main
Dscillator to this feference source.

w

Bit [7:0]: IMO Trim J7.0] Data value stored witl after the timmed frequency of the Internal Main Dscillator. A larger
value in this fregisler will increase the speed of the intemal Main Osciflator

1 FS = Faclery set trim value

internal Maw Osciliator Trim Register {iIMO_TR Address = Bank 1, E&h}

7.1.2  Internal Low Speed Oscillator

An internal low speed oscllatar of nomically 32 kHz 1s
available to genetate sleep wake-up interupls and
Watchdoeg resels f the user does not want o attach a
312768 kHz watch crystal. This oscillator ¢an also he
used as a clocking source for the digital PSoC tocks.

The osciliator operates in two different modes. A trim
value is written 1o the intemnal Low Speed Osciiator Trim
Register {ILO_TR), shown below, upon reset See sec-
tion 13.0 for accuracy information. When the IC s put
into sleep mode this oscilator drops into an ultra low cur-
rent state and the accuracy is reduced.

This register sets the adjustment for the Infemal Low
Speed Oscllator The value placed in this register s
hased on factory testing. it 1s recommendged that the user
not aker this value




7.2 System Clocking Signals

There are twelve system-ciocking signals that are used  based on use of 32768 kHz crystal. The names of these
throughout the device. Referenced frequencies are  sighals and their definitions are as lollows:
Table 39:  System Clocking Signals and Definitions
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Register {OSC_CR1). Nole that the divider will be N+1, based on a vafue of N wiitien into the register
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7.2.2  24V1/24V2 Frequency Selection 24yt and 24V2 based on the value wrntten to the

) QSC_CR1 register.
The following table shows the resulting frequencies for

Table 42:  24V1/24V2 Frequency Selaction

24t
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f.2.3 Digital PSot. Block Clocking Options

Al digial PSoC sleck tlocks are a3 user seleciahble pose 1O pins There are 3 total of 16 possible clock
choice of ABM Z24V1 24V2 or 32K 4s weil as clocking aotions for sach cigityl PSoC block e the Digital
Sy from ot gital PSoC Slocks of general pud PSoC Biock section o details



8.0 Interrupts

8.1 QOverview

interrupts can be genefated by the General Purpose VO
lines, the Power monitor, the ntemal Sleep Timey, the
eight Digital FSoC blocks, and the four analog columns.
Every interrupt has a separate enable bit, which is con-
tained in the General Interrupt Mask Register
{INT_MSKD) and the Digitat PSoC Block intemupt Mask
Register (INT_MSK1). When the user writes a "1" to a
particutar bit position, this enables the interrupt associ-
ated with that position. There is a single Global Intermupt
Enable bit in the Flags Register (CPU_F), which can dis-
able ali intefrupts, or enable those mtermupts that also
have their individua! intemrupt bit enabled. During a reset,
the enable hits in the General Interupt Mask Register
{INT_MASKD), the enable hits in the Digital PSoC Block
interrupt Mask Register (INT_MSK1) and the Gilobal
interrup! Enable bit in the Flags Registes (CPU_F) are alt
cleared The iInterrupt Vector Register {INT_VC) holds
the intesrupt vector for the highest priodity pending inter-
rupt when read, and when written will clear all pending
intefrupts.

i there is only one interrupt pending and an instruction is
executed that would mask that pending interrupt (hy
cleanng the corresponding bit in either of the internipt
mask registers at address EOh or E1h in Bank 0), the
CPU will take that interrupt. Since the pending intermupt
has been cleared and there are no others, the resulting
imtemmupt veclor s 0000h and the CPU will jump fo the
user code at the beginning of Flash To address this
issue, use the maco defined N mdcinc called
“MAC_DisablelntMask”™ in PSoC Designer. This macro
brackets the register write with a disable then an enable
of global interrupts
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8.4 Interrupt Masks
Table 44:  General Interrupt Mask Register

Bit 7 Reserved

Bit & Sleep Interrupt Enable Bit {see 11.4)
0 = Disabled
1 = Enabled

Bit 5: GP10 Interrupi Enabie Bit {see 8.6)
0 = Disabled
1 = Enabled

Bit [4}: Acolumn 3 Infertupt Enable Bit (see 10.0)
0 = Disabled
1 = Enabled

Bit [31. Acolumn 2 Interrupt Enable Bit (see 10.0}
0 = Disabled
1 = Enabled

Bit [2]. Acotumn 1 Interrupt Enabie Bit {see 10.0)
0 = Disatied
1 = Enabieg

Bit [1}: Acolumn O Interrupt Enable Bit {see 10.0)
{} = Disabted
1 = Enabled

Bit 0: Voltage Monitor Interrupt Enable Bit {see 11.5)
{) = Disahted
1 = Enabled

General Interrupt Mask Register (INT_MSKQ, Address = Bank 0, EOh)



Table 45:  Digital PSoC Block interrupt Mask Register
Bit¥ 7 - B 5 4

3
-Rmite : Rw {:-_iR'w_ S RW RW | RW RW RW RW

Bit 7: DCAO7 Interrupt Enable Bit
0 = Disabled
1 = Enabled

Bit 6: DCAGG Interrupt Enable Bit
{1 = Disabled '
1 = Enabled

Bi 5. DCADS Interrupt Enable Bit
0 = Disabled -
1 = Enabled

Bit 4. DCAO4 Interrupt Enable Bit
0 = Disahled
1 = Enabled

Bit 3: DRAD3 interrupt Enable Bit
{1 = Disabled
1 = Enabled

Bit 2. DBAQ2 Interrupt Enable Bit
0 = Disabled
1= Enabled

Bit 1: DBAD1 interrupt Enable Bit
0 = Disabled
1 = Enabled

Bit 0: DBAGD ImerTupt Enable Bit
{ = Disabled
1 = Enahbled

Digital PSoC Block tnterrupt Mask Register (INT_MSK1, Address = Bank D, E1h)

8.5 Interrupt Vector Register
Table 46;:  Interrupt Vector Register

5 4 3 2 1 0
RW RW RW RwW
B Name -’ Data[7]*"| Datyf} | Datals] | Datad] |- Dataf3): | " Datal2] - | Dafa[1] | | Dataio]

Bt {7:0). Data [T:0]
8-t data value holds the interrupt vector for the highest pnodity pending intersupt Writing 1o this reqister will clear alt
pending interrupts

Interrupt Vectar Register (INT_VC, Address = Bank 0, EZh}



8.6 GPIO interrupt

GPIO Intarrupts are polasity configurable and pin-wise
maskable {within each Porl's pin configuration regisiers).
They all share the same intamupt priorty and veclor.

Any general purposa O can be used as an interrupd
source. The GPIO bit in the General interrupt Mask Reg-
ister (INT_MSKO) must be set to enable pin interrupis, as
well as the enabie bits for each pin, which are located in

the Port x interupt Enable Registers (PRTHE). Thede
am user selectabls oplions to generale an intermupt on 1)
any change from the [ast read state, 2) fising edga, and
3) faling edge.

When interrupl on Change is selected, the state of the
GPIO pin Is stored when the port Is read. Changes from
this state will then assert the interrupt, if enaldedt.

“+—0 Jlm
. nenomum—aD_> TuPuu;;c
] NTOUTH
( ! mwpe | \l I'
l" v GPIO it Enatie
BIT 8, INT_M51
GPIOBTIE
PORTXIE Reggcier
(RRTCAE, PATSE)

Figure 11: GPIO Interrupt Enable Diagram

For a GPIO intermupt 1o occur, the foBowing steps must
he taken:.

1. The pin Drive Mode must be set so the pin can be
an input.

2. The pin must be enabled to generate an interrupt by
setting the appropriate bit in the Podl intermupl
Enabla Register (PRTXIE).

3. The edge type for the interrupt must be sel in the
Poart interrupt Control 0 and Conirol 1 Registers

{PRTXICC and PRTXIC1). Edge type must be setto
a valug other than 00.

4. The GPIO bit must be set in the General inlemupt
Mask Register (INT_MSKD).

5. The Global Inlerupt Enable bit must be set.

6. Because the GPIO intemrupts a8 share the same
interrupt vector, the source for the GPIO infemupt
must be cleared before any othef GPIO intermupt will
occr {Le., the OR gate in Figure 13 “ors’ af of the
INTOUTNR signals together). ff any of the INTOUTn
signais are high, the fipflop in Figure 11: will not
28 a nsing edge and no IRQ wit acour.



9.0 Digitai PSoC Blocks

91 Introduction

PSoC blocks are user coafigurable system resowces.
On-chip digital PSoC blocks reduce the need for many
MCU part types and exemal peripheral components.
Digital PSoC blocks can be configured ko provida a wide
vatiely of periphenal hmctions, PSoC Designer Software
integraied Development Envionment provides auto-

mated configuration of PSOC hiocks by simply selecting
the desired funclions. PSoC Designer then generates

the proper configuration information and can print a
device data sheet unique to that cosfiguration.

Digital PSoC blocks provide up to eight, B-bit multipus-
pose timersicounters suppoiting multiple svent timers,
reai-iime clocks, Pulse Width Modulators (P'WM), and
CRCs. In addition o al PSoC block funclions, communi-
cation PSoC hlocks suppoit fi-duptex UARTs and SPI
master of skave functions.

As shown in Figure 12, there are a iolal of eight 3-bit
digital PSoC blocks In this device Family configured as a
Rnear amay. Four of thess are the Digital Baslc Type A
blocks and four are the Digital Communications Type A
biocks. Each of these digital PSoC blocks can be config-
ured independently, or used in combination.

Each digital PSoC block has a unique infermupt Vector
and infemupt Enable bit. Functions can be stopped of
started with 2 user-accessible Enable bil.

The Timer/Counter/CRCPRSMDeadband functions are
available on the Digital Basic Type A blocks and also the
Digitat Communications Type A blocks. The UART and
SP1 communications funclions are only available on the
Digital Communications Type A blocks.

There are thres configuraion registers: ithe Fundiion
Register {DBADOFN-DCADTFN} In sedect the block func-
tion and moda, the Input Register (DBAGOMN-DCAO7IN)
to select data nput and Clock selection, and the Quiput
Register (DBACDOU-DCAOTOU) to seled and enable
funclion outputs.

The thres data registers are designaled Data 0
(DBADODRO-DCAOTCRO), Data 1 (DBAOOBDRI1-
DCADTDR1), and Data 2 (DBAGDDR2-DCADTOR2). The
function of these registers and their bit mapping is

dependent an the overall block function seletied by the
user.

The one Control Register (DBAOCCRO-DCAO7CRO) is
designated Control 0. The function of this register and its
bit mapping is dependent on the overall block function
selected by the user.

if the CPU frequency is 24 MHz and a PSoC timer/
counter of 24-bifs or onder is operating at 48 MHZ, a
wrile to the binck Control Register 1o enable il (for exam-
ple, a call bo Timer_1_Start) may not start the biock prop-
ety in the faflure case, the first count will typicafly be
indeterminate as the upper bytes fail 10 make the first
count cormectly. However, on the first terminal count, the
comrect period will be loaded and counted theraafter.
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Figure 12: Digital Basic and Digital Communications PSoC Blocks

*Three of the digital blocks have special functions. DBA3 is a Broadeast block, with output direcily available 10
all digital blocks as a clock or data input. Blocks DBA2 and DCAG have sefectable connections to support
Delta Sigma and Incremsntal A/D comverters,

9.2 Digital PSoC Block Bank 1
Registers

9.2.1 Digital Basic Type A{ Communicafions
Type A Block xx Function Register

The Digital Basic Type A/ Communications Type A Biock
xx Function Register {DBADDFN-DCADTFN) consists of
3 bits [2.0] 1o select the block function, 2 bits [4:3] to
selet! mode of operation, and 1 bit [5] o indicate the last
hlock in a group of chained blocks.



Table 47:  Digital Basic Type A/ Communications Type A Block xx Function Register

Bit 7: Reserved
Bit 6: Reserved

Bit 5: Eng
0 = PSaC block is nol the end of a chained function (End shoukd not be set to 0 in biock DCAD)
1 = PSaC black is the end of a chained funcion, or is &n unchained PSoC block

Bit 4: Mode 1 The definition of the Mode [1] bit depends on the block funciion selectad
Timer. The Made [1] bil signifies the Compate Type

0 = Less Than or Equal

1 = Less Than

Counter: The Mode [1] bit signifies the Compare Type

0 = L ess Than or Equal

1 = Less Than

CRC/PRS: The Mode [1] bilis unused in this function

Deadband: The Mode [1] bit is unused in thés function

UART. The Mode] 1] Lit signifies the tnterrupt Type (Transmitier only)

D = Transmit: inferrupt on TX_Reg Emply

1 = Transmit: Interrupt on TX Complete

SP: The Mode( 1] bit signifies the Interrupd Type

D = Master: Interrupt on TX Reg Enipty, Slave: Irterrupt on RX Reg Full
1 = Master: Inierrup! an SP1 Complete, Slave: Tnterrupt on SPI Complete

Bit 3. Mode O The definiton of the Mode [0] bt depends on the block function sefected
Timer: The Mode (0] it signifies Intermupt Type

0 = Terminal Count

1 = Compare True

Counter: The Mode {0] bit signifies Internupt Type

0 = Terminal Count

1 = Compare True

CRCAPRS: The Mode (0] bit is unused in this lunction
Deadband: The Mods [0] b¥ is unused in fiis function
UART. The Mode [0] b signifies the Direcfion

0 = Receive

{ = Transmit

SP{: Tha Mode [0} bit sigrefies the Type

0 = Master

1 = Slave

Bit [2:0]: Function 12:0] The Function [2:0] bits select the block function which determines the basit hardware configuration
000 = Timer {chanable}

001 = Counter (chainatie)

010 =CRC/PRS (Cycfical Redundancy Checker or Pseuda Random Sequencer) {chainebie)

011= Reserved

100 = Geadband {or Puse Width Modulator

10t = UART (funchon ondy avaliable on DUA type blocks)

110 = 3P1 (hmction oty avaiable on DCA type blocks)

111 =Resaned




Table 48:  Digitat Basic Type A/ Communications Type A Block xx input Register

Bit {7:4): Data [3:0] Data Enable Sowrce Select

0000=0ata=0

0001=Dali =1

0010 = Digital Block 03 -

00 1 1= Chan Funclion o Previows Block

0 100 = Analog Colurmn Comparator 0

010 1= Analog Colurn Comparator |

01 10 = Analog Column Comparalor 2

0111 = Analog Column Comparater 3

1600 = Global Outputil] (for Digital Blocks 00 to 03} or Global Outpulfd] {for Digal Blacks 04 to 074
1001 = Global Qutput{1) {for Digital Biocks 00 to 03) or Global OutputS) {for Digital Blocks 04 to 07)
19 10 = Globat Output2) (for Digital Blocks 00 ko 73} or Global Qutpuff6)] {for Digital Blocks 04 10 07)
101 1 = Global Outpf3} (for Digital Blocks 00 to (3} ar Glabal Output(7) ffor Digital Blodks 04 o 0T)
1100 = Giobal inpulfl} {for Digitaf Blocks 00 to 03) or Glabal inputid] {for Digital Blocks 04 ko 07)
110 1 = Global npul]] (for Digitsl Blocks 00 to 03) or Globa! npxatf5] {for Digital Blocks 04 to 07)
1110 = Gigbat Inputf2] {for Digital Blocks 00 to 83} o Global oS tor Digital Blocks T4 to 07)
1111 = Global Inputf3] (for Digital Blocks 00 io 03) or Global input(7] (for Digital Blocks 4 t 07)

Bit {3:01: Clock [3:04 Clock Source Sefect

0000 =Clotk Disabled

00 01 = Global Quipatid) (for Digital Blocks 00 to 03} or Global Outpui0) (for Digital Blocks 04 1o 07)
00 1 0= Digita! Block 03 {Primary Ouiput)

0011 = Previous Digital PSoC block {Primary Cutpuf)

0100=48M

D101=24W

0110=24v2

D1%1=32%

1000 = Global Outpuf0] (for Digaal Blocks 00 o 03) or Global Cutpuf(4) {for Digita! Blocks 04 10 07)
1 3.0 1 = Globat Output{1] {for Digital Biocks 00 to 03) or Global Outpat]S] {for Digital Blocks 04 1o OF)
1010 = Global Quiput[2] (for Digital Blocks 00 to 03} oc Global Outpulff} (far Digial Blotks 04 to 0T}
10 11 = Giobal Ouipuf3] {for Digital Blocks 00 10 03} or Global Outpu[7) (for Digital Blocks 04 1o 07)
1100 = Globa Inpe{0] (for Digital Blacks 00 o (3) or Global Inputf4] {for Digital Blocks 04 o 07)
1101 =Global trputf1] {foc Digital Biocks 00 to 03} or Globad Ingut]S] (kr Digital Blocks 04 o 07)
1110 = Global inputf2] {for Digitdl Blocks 00 to 03) or Global input{6} (for Digital Blocks 04 1 07)

1111 = Globdl Inpulf3] (for Digitsl Blocks 00 to 03) or Giobal Input{7] {for Digital Blocks 04 @ 07)




9.4 Global inputs and Outputs

Giobal Inputs and Outputs provide additonal capabiity
to route otk and data signais 1o the digital PSoC
biocks, Digital PSoC blocks are connected to the global
input and output fines by configuring the PSoC block
input and Output registers (DBADOIN-DCAOTIN,
DBADOOU-DCAQTOU). These global input and output
Ines form an B-hit global input bus and an 8-bit giohal
oulput bus. Four Digital PSoC blocks have access lo the
upper half of these buses, while tha other four access
the lower half, per the configuration register. These glo-
bal inputfoutput buses may be connected 1o the VO pins
on a per-pin basis using the pin configuration registers.

This allows gigital PSoC blocks 1o route thedr inputs and
ouiputs to pins using the global 1O buses

941 Input Assignments

The PSoC block input Register defines the seleclion of
Globat Inputs to gigital PSoC blocks. Only 4 of the Global
Inputs bus fines are availabi as selections to a given
digitai PSoC block as shown in the table below. Once the
Global Input has Deen selected using the PSoC block
input Regisief selection bits, a GPIO pin must be config-
ured io drive the selected Giobal Input. This confiqura-
tion may be set in the Porl Global Selecl Register. The
GPIO direction must also be set 1o input mode by config-
uring the Port Drive Mode Registers o select High 2.

Tabte 59:  Global Input Assignments

Gilobai Giobal Giobal Glshal Giobal Global Glabal Global

Input 7] Input [6] Input 5] input [4] Input [3) Input {2} input {1} input [0}

Port 7] | Port 6] £ Pod XI5 | Bort b = | Portdd) of S Portd2) o | Poxt il | Boit (0} &
PSaC Block 4 | PSol Block 4 | PScC Block B4 | PSoC Block 4 | PSoC Block 00 | PSoC Block 00 | PSoC Block 00 | PSoC Block
FSol Block 6 | PSoC Block 15 | PSaC Block 05 | PSol Block 05 | PSoC Blocd 01 | PSol: Block 01 { PSeC Block 01 | PSaC Block 01
PSoC Block D4 | PSoC Block DA { P5eC Block DA | PSoC Block D | PSeC Block 02 | PSol Block 02 | PSoC Block 02 | P50l Black 02
PSoC Block 07 | PSoC Block 07 | PSoC Block 07 | PSoC Block 07 | PSoC Bleck 03 | PSoC Block 03 | PSoC Block 03 { PSoC Bipek 03
94.2 Output Assignments

The PSoC block Cutput Register defines the selechion of
the Glohal Ouiput hus line 10 be driven by the digital
PSaC blocks. Onty 4 of the Global Qutput bus lines are
available as selections to a given digital PSoC Diock as
shown m the table betow The Global Output bus has two
functions. Since Giobal Oufputs are also Selactable as
inputs 10 digtal PSoC blocks, signals can be routed
between blocks using this bus. In addition, Global Out-

puts may drtve out o GPIO pins. In this case, once the
Global Ouiput has been selected using the PSoC biack
Cutpul Register setection bits, a GPIO pin must be con-
figured fo sekect the Global Output to drive to the pin.
This configuration may be set in {he Port Global Select
Register. The GPIC direction must also he set to output
maode (which is the default) by configuring the Port Drive
Mode Registers to one of the available driving strengths.

Table 60:  Global Qutput Assignments
Global Giobal Global Globa Global
Output [6 Output [2) | Ouwtput[1] | Output [0f
Port ol | Poet - Pot X | Port ] |- Pod ]
PSoC Block PSeC Bhock 00 | PSol Bleod D0
PSoC Block 5 PSeC Block 01 | PSeC Block 01 | PSaC Block 01
PSpl Block (4 | PSoC Block 08 PSoC Block 02 | PSpC Block 02 | PSoC Bluck 02
PScC Block 07 | PSod Block D7 PSel Bl D7 { PSoC Block 13 | PSeC Block 03 ) PSeC Block 83 | PSel Block 03
9.5  Available Programmed Digital Functionality

9.5.1 Timer with Optional Capture

9.5.11 Summary

The umer function continucusly measures the amount of

generator. A down counter lries at the heait of the timer
functions. Rate generatcrs diade their clock source hy

an infeger value. Hardware or sofiware generated events

trive n licks” between ™Wo events, and provides a fate



trigger capture operations that permil calcuiation of
elapsed "icks.” Taner-configured PSoC blocks may be
chamed to arbitrary lengths in 8 bit ncrements.

9.5.12 Registers

Data Register 1 establishes the period or integer clock
division vadue. Data Register 0 holds the cument state of
the down counter. i the function is disabled, writing a
period imo Data Register 1, will aulomaticalty load Data
Register 0. It is also aufomafically releaded on the clock
cycdle after it reaches zero, the terminal count value.
When a capture evenl occurs, the cument value of Data
Register 0 is transfermed to Data Register 2. The cap-
iured value in Dala Register 2 may then be read by the
CPU. In addition to the hardware captere input, A CPU
read of Data Register 0 generates a software capture
event This read will retum 0 as data. A subsequent read
of Data Register 2 will return the captured value. Control
Reqister 0 contains one bil 1o enable/disable the func-
fion.

9513  inputs

There are two inputs, the Source Clock and the Hard-
ware Caplure signal. The down counter is decrernented
on the rising-edge of the Source Clock. A hardware cap-
ture event is signaled by 3 nsing edge of the Hardware
Capture signal. This is synchronized to the 24 MHz sys-
{em dock and the data is synchronously transferred to
Data Regisler 2. The Hardware Capture Signal is OR'ed
with a software caphure signal that is generated when
Data Register 0 is read ditecty by the CPU.  In order to
use the software capture mechantsm, the Haldware
Captre signal input seiection must be low. The mutt-
plexers selecting these input sources are controtied by
the PSoC block input Register (DBAOCIN-DCAQTINY.

9514  Outputs

The Terminal Cound signal is the primary output and it
exhibits a duty cydle that is the redprocal of the period
value contained in Data Register 1. In other words, it is
high duning the source clock cycke when the value in
Data Register § is zero and low otherwise. The Terminal
Count ¢an be rouled to additional analog or digital PSoC
blocks or via Glohat Oulputt fines. The auxitiary output is
the Compare True signal. This oulput is high when the

cumend courd is less than (of kess than of equal toj the
value in Dala Register 2 {compare type confrofled by
Mode{1] in the PSoC block Function Registes). The awndl-
jary output can be routed via Global Output fines. The
PSoC biock Output Register (DBAJOOU-DCADT7OU}
controts output options.

9515 InterTupls

Interrupts may be generated in either of two ways. First,
the PSoC block may optionally generate an intermupt on
the rising edge of Tesminal Count or the rising edge of
the Compare True signal. The selection of intemupt
source is determined by the MODE[D] bit of the PSoC
block Function Register (DBADDFN-DCAO7FN). The
MODE[1] bil controls whether the comparison operation
is “less than” or “less than or equal fo." If capture events
are disabled, Data Register 2 can be used o crezte 3
periodic intermupt with a particular offset from the terminal
count.

9516 Usage Notes

1. Constraints

Hardware/software synchromous capture is only
available with a clocking ate of 24 MHz and below.

2. Software Caplure

When a capture event occurs, all bytes in a mult-
byte timer transfer simullaneousty from the current
count {Data Register 0) to the capture register (Data
Reqgister 7) To generate a software caplure evenl,
onty the least significant Data Register 0 byle needs
to be read by the CPU. This causes the same simul-
taneous fransfer as a hardware evenl.

3. Disabled State

When the Control Register Enable bit is setto T,
the intemnal block dock is lumed off. A write to Data
Register 1 {Period) is loaded directly nio Data Reg-
ister 0 {Counter) to indtialize or reset the coumt. All
outputs are low and the block intermupt is held low
Disabing a timer does nol affect the curment count
value and it may be read by the CPU. However,
since hardware/software capture is disabled in this
state, two reads are required fo read each byte of a
mutti-byle register. One to transfer each Data Regis-
ter 0 count value to the associated Data Register 2
capture regster, then one to read the resutt in Dala
Reqgister 2.



4. Caphure vs. Compare

A capiure evert will overwrite Data Register 2. This
is also the register that holds the compare value.
Therefore, using the capture function may not be
compatible with using the timer compare function.

9.5.2 Counter with Optional Compare {Pulse-
Width) Output

9521 Summary

Conceptually, a counter measures the number of events
between “heks," however, this distinction between
counter and timer blurs because hoth functions provide a
complete range of clock selections. The counter rades
the timer’'s hardware capture for a clock gate or “enable”
and provides a means of adjusting the (idy cyde of its
output 5o that it can double as a pulse-width modulator.
A down counfer lies at the heart of the counter function.
Counter-configured PSoC blocks may be chained fo
arbitrary lengths in 8 bil increments.

In a Counter User Modude, the data input is an enable for
counting. Nomally, when the enable goes low, the
counter will hold the cuent count. However, if the
enable happens to go low in the same clock period as
Terminat Count (count of all 0's), one additional count will
occur that will reload the counter from the Perniad Regis-
ter. Once the counter is reloaded from the Penod Regis-
ter, counting will stop.

9522 Registers

Data Register 1 eslablishes the period of the counter.
Data Regisier 0 holds the cument state of the down
counter. If the funclion is drsabled, wiiting a period into
Data Register 1, will automatically koad Dala Register G.
It is also automatically reloaded on the clock cycle after d
reaches zero, the temminal ount value. The value in
Data Register 2 {compare value) is continuzly compared
to Data Register  {count value) to establish the outpul
pulse-width (cuty cycle). Reading Data Regisler 0 to
obtain the current value of the down counter may occur
only when the funclion is disabled. When read, this
fransfers the value from Oata Register 0 1o Data Register
2 and retuns a 0 on the data bus. The value {ransferred
{n Data Register 2 can then be directly read by the CPU.
However, reading the coumt value in this manner wil
overaTite any previcusly wirtlen compare value m Data

Register 2. Control Register 0 contains one bit o
enablefdisabie the function.

9523 inputs

There are two primary inputs, the Source Clock and the
Enable signal. When the Enatle signal is high, the down
counter is decremerded on the rismg-edge of the Source
Clock. The multiplexers sefecting these inputs are con-
trolled by the PSoC biock Input Register (DBADDIN-
DCAD7IN).

9524  Outputs

The counter function drives ds pnmary output signal,
Compare True, high on the aling edge of the Source
Clock when the value in Data Regisler 0 is less (or less
than or equal to) the value in Data Register 2. The duty
cyde of the pulse-width modulator formed in this way i$
the ratio of Data Register 2 (or Data Register 2 minus
one) fo Data Regrster 1. The choice of compare opera-
tors is determined by the MODE[1} bit. The Compare
vatse can be routed to additional anakog or digital PSoC
blocks or via Global Ouipul lines The auxiiary outpul sig-
nal is the Terminal Count signal which can be routed via
Global Output lines. The PSoC block Qutput Register
{DBADCOU-DCADYOU] controls output options.

8525 Interrupts

intermupts may be generated in either of two ways_ First,
the PSoC block may optionally generate an mterrupi on
the tising edge ol Terminal Count of the rising edge of
the Compare signal. The selection of interrupt source is
determined by the MODE[Q] bit of the PSoC block Func-
tion Register (DBAGDFN-DCAO7FN). The MODE[1] bit
controls whether the comparison operation is ess than”
of “less than or equal fo*

9526  Usage Notes

1. Enabie Input

The enable inpud 15 synchronous and when low
forces the counter into a ‘hold’ state. Outputs are
unaffected by the state of the enablk input. i an
exlernal source 15 selected as the enatie input, it is
synchronized 1o the 24 MHz dock.



2. Disabled State

When the Control Register Enable bit is setfo ‘0,
the internal block clock is tumed ofl. A write to Dafa
Register 1 {Period) is kaded drecity nto Data Reg-
ister D {Counter) to indialize of reset the count. Alt
outpts are low and the block intermupt is held low.
Drsabling a counter does tol affect the current cound
value and it may be read by the CPU_ Two reads are
required to read each byle of a multi-byle register.
One to transfer each Data Regisler 0 count value 1o
the associated Data Regisler 2 caphure regisfer,
then one to read the resull in Data Register 2

3. Reading the Count Value

A CPU read of Data Register 0 {courd value) will
overwrite Data Register 2 (compare value). There-
fore, when reading the cument count, a previously
wiitten compare vahe will be overwritien.

4. BExra Count

in a Counter User Module, the data input is an
enabile for counting. Nomally, when the enable
goes low, the counter will hoid the curent count.
However, if the enable happens to go low in the
same clock period as Terminal Count {(count of ak
0's), one aaditional count will occur that will reload
the counter from the Period Register. Once the
counter is reloaded from the Pericd Register, count-
ng will slop.

95.3 Deadband Generatar

9.5.31 Summary

The Deadband funchion produces two output waveforms,
i and F1, with the same frequency as the input, but
*underdapped” so they are never both high at the same
time. An B-bit down counter controls the length of the
“dead bme” during which both output signals are iow.
When the deadhand function detects a rising edge on
the inpul waveform, the F1 output signal goes low and
the counter decrements from its initial value to its lermi-
nal cound. When the down counter reaches zeqa, the Fl
output signai goes high. The piocess reverses on the
faling adqge of the input waveform 5o that after the same
dead time, F1 goes high uniil the input signal transitions
again. Cead-band generator PSoC blocks cannot be
chained {0 increase the widh of the down counter
beyond B bits or 256 deat-ime “licks "

9532  Registers

Data Register 1 stores the count that controls the
elapsed dead time. Data Register 0 holds the cument
state of the dead-fime down counter. if the function is
disabled, writng a period into Data Register 1, wilt auto-
maticaty oad Data Register § with the deadband penod.
This period is automatically re-joaded into the counter on
each edge of the input signal. Data Register 215 unused.
Control Register 0 contains cne bit fo enabla/disable tie
function.

9533  Inputs

The input controts the period and duty cycle of the dead-
band generator outputs. This input is fixed fo be defived
from the primary culput of the previous block. if this -
nat s pulse-width modulated, ie., f a FWM biock 1s con-
figured as the previous block, the dead-band outputs will
be simitarly modulated. The FO output comesponds to
the duty cycle of the input (less the dead time) and F1 1o
the duty cycle of the inverted input (again, less the dead
time}. The clock inpll to the dead-band generator con-
trols the rate at which the down counter is decremented.
The primary data input 15 the "Kill* Signal. When this sig-
nat is asserted high, hoth FO and F1 outputs will go low.
The muliplexers selecting these input are ¢ontrofled by
the PSoC block loput Register (DBAGOIN-DCADTIN).

9534 Cutputs

Both the FO and F1 oufputs can be driven onfo the Glo-
hal Output bus if the next PSoC block selects “Previous
PSoC block” for its clock oput, i only “sees” the FQO out-
put of the dead-hand function. The PSoC block Cuiput
Register {DBAOOOU-DCAD7QU] controls output aptions.

95.3.5  Interrupts

The rising edge of the FO signal provides the interrupt for
this block.

9.5.3.6 Usage Notes

1 Constraints

The dead time must not exceed the minimum of the
input signal’s pulse-width high and pulse-width low
time, kess two CPU clocks. Dead tme equals the
petod of the input clock Snwes one plus the value
written to Data Register 1.



Enabiing

Tha data input to the Dead-Band function !5 hard-
ware to the primary output of the previous block,
which Is typdcally programmed 10 be 2 PWM. The
proger order for enabing these blocks {wriling the
Control Register 0) ks PWM first, then Dead-Band.

3. Disabled State

When the Control Register Enable bi is set to 0,
the infemal block dock Is tumad off. A write to Data
Ragister 1 (Period) bs naded directly into Data Reg-
ister 0 {Countey) o initialize or resel the dead-band
tima. All outputs are low and the biock intermupt is
held low.

4. Asserting the Kif Signal

When the Kill signal Is asserted high, both outputs
FO and F1 are hald low. When the Kill signal s
selected from an axternal source through a Global
inpud, it 15 synchronized 1o the 24 MHz clock and
therefore has up 10 42 ns of istency.

5. Negating the Kil Signal

The Kill signal may be negated at any time. How-
aver, tha output may be enabled at an arbitrary time
with respect o the FO and F1 generation. if exact
timing s required when re-enabling the F ard F1
outputs, the following procedure is recommended:

1 .Kill is assetted.

2 Write lo Control Register 0 fo disable the
biock.

3.Wite to Data Register 1 (Deadband time} to
initialize the period.

4 Kil is eventualy negated.

5.Write to Contral Register 0 to enabie the
block.

2.5.4 PRS - Pseudo-Random Sequence

Generator

9.5.4.1 Summary

The PRS function generates an oupul wavelorm corme-
sponding to a sequence of pseude-random numbers. A
lingarfeedback shit register generates the sequence
according to a user-specified polynomial. The width of
the numbers in the sequence is variable and the initial
value i determined by a user-defined “seed” value. PRS

PSoC blocks can be chained b increasa the width of the
nimbers and, hence, the length of the sequence. A
chain of N P50C blocks can generate numbers from 2-
to §N-bits wide and saquences of up o 221 distinct val-
ues.

9.54.2 Registers

Data Regisiar 0 implements a incar-feedback shift regis-
ter. Data Register 2 holds tha “seed” value and whan the
block [s disabled, a write io Data Register 2 is ibaded
directly into Data Repister { {The block must be disabled
when wiiting this value). Data Register 1 specifies the
polynomial and width of the numbers in the sequence
(see 9.5.4 6).

9543  Inputs

The clock input determines the rate at which the output
sequence is produced. The data input must be set to low
for the block to function 28 3 PRS. The mulfiplexer for
selecting these inputs |8 controlled by the PSoC block
Input Register {DBADDN-DCADTIN).

9.54.4  Outputs

The PRS function drives the output sarial data stream
synchroncus with the input clock. The cutpa bits change
on the rising edge of the Input clock. The output may be
diiven on the Glcbal Output bus or to the subsequent
digital PSoC block. The PSoC block Outpul Register
{DBAGCOU-DCADTOU) controts cutput options.

9.54.5 Interrupts

The PR3 Nunction provides an interrupt based on the
Compara sighal between Data Register D and Data Reg-
ister 2. Data Register 2 is initially loaded with the “sead”
value, and therefore a periodic inerrupt will ba gener-
ated when the PRS count maiches the seed value.



10.0 Analog PSoC Blocks

10.1

PSoC blocks are yser configurable system resources.
QOn-chip analog PSoC blocks reduce the need for many
MCU part types and extefnal peripherat companents.
Analog PSoC tlocks can be configured to provide a wide
variety of peripheral functions. PSoC Designer Software
integrated Developmen! Envionmen! provides auto-
mated corfiguration of PSol biocks by simply selecting
the desired functions. PSoC Designer then generates
the proper confiquration informgtion and can print a
dewice data sheet unique to that configuration.

Introduction

Each of the analng blocks has many potenfial inputs and
several oulputs. The inputs 1o these blocks include ana-
log signals fom external sources, infrinsic analog sig-
nats driven ffom neighboring analog blocks or various
voliage reference sources.

There are three discrele outputs from each analog biock
{there are an addifional two discrete outpuls in the Con-
tinuous Time blocks}, 1) the analog oulput bus (ABUS),
which is an analog bus respuwrce that is shared by all of
the analeg blocks in a column, 2} the comparator bus
{CBUS), which is a digital bus resaurce that is shared by
alt of the analog Docks in 3 columin, and 3} the output
bus {OUT, (plus GOUT and LOUT in the Continuous
Time Hocks)), which is an analog bus resource that is
shared by all of the analog blocks In a column and coh-
necis to one of the analog output buffers, to send a sig-
nal externally lo the gevice. There are aiso infrinsic
ocutputs that connect o neighboring analog blocks.

Twelve analog PSoC blocks are avallable separately of
combined with the digital PSoC blocks A precision infer-
nal voltage reference provides accurate anaiog compari-
sons. A temperature sensor inpul s provided to the
anglog PSoC block aray supporting applications like
battery chargers and data acquisition without requiring
external components.

Thera are three analeg PSoC block types. Continuous
Time (CT} blocks, and Type A and Type B Swifch Capac-
itor (SC) blocks. CT biocks provide continuaus time ana-
log functions ST blocks provide ADC and DAC anak
tunctions. Currantly, suppotied analog functions are 12-

bit incrementat and 1-hit Delia-Sigma ADC, successive
approximation ADCs up to 6 bits, DACs up ip 8 bits, pro-
grammable gain stages, sample and hold circuits, pro-
gramenable filers, comparaters, and a lemperalute
Sensoy.

The analog functionality provided is as fotiows:

»  ADand DJA converters, programmable gain blocks,
comparators, and switched capachor filers.

" Single ended configuration is cost effective for rea-
soaghle speed / actwracy, and provides simple
interface to most real-word analopg inputs and out-
puts.

& Support is provided for sensol interaces, audiv
codes, embedded modams, and general-puipcse
Op amp Circuils.

" Flexible, System on-a-Chip programmability, provid-
ing variations in functions.

= For a given function, easdy setecled trade-offs of
accuracy and resolufion with speed, resources

{numbeer of analog blocks), and power dissipatad for
that apphication

*  The analog seclion is an “Anatog Computation Unit
providing programmed steeqing of signa) flow and
seecting functionafity through register-based control
of analog swilches. it also sets coefficients in
Switched Capacitor Fiters and noise shaping
{Deita-Sigma) modulators, as well as programs gain
of attepuation settings in amplifier configurations.

= The architecture provides continoous time blocks
and discrele fime {Swilched Capacitar) biocks. The
conBinuous time DIoCks aliow selection of precision
amplifier of comparator circuitry using prodyramma-
ble resistars a5 passive configuration and parameter
setfing elements. The Switched Capacitor (SC)
hiocks aliow configuration of DACs, Delta Sigma,
incremental or Successive Approximation ADCs_or
Switched Capactor fitters with programmabie coeffi-
tients.



10.2 Analog System Clocking Signals

Table 61:  Analog System Clocking Signals
s:qnal ‘ .. Definition ]
Asﬂmr&dmmmtsdmwmmmm{daduummckand canbesetec’(ed
ACLK1 by the user o drive the clocking signal to an analog column. Any of the 8 digital PSoC blocks can be
rmnedmmineusmgtMACLKﬂZﬁ}bﬂsnu'leAnabngckSe!ect Reqlsier (CLK CRY).
gl il ‘mt‘. e s
T Awmmmmmmmummmusmmcwm Tmssma:s
Acolumn{ | 2E7TVeQ o the mixed Input of the 24V1, 24V2, ACLKD, and ACLK1 system clock signals. The output

dﬂmmtsttmpassedmmmu4a’r.1dertomdmeﬂmfremencybyafactorotﬂhe
Aooh.wnnin Olutsmthe CLK CRﬂ RegsterdetamuwseiecledCdmmeck

g

Acolumnl

Asystem-cbckmgﬁgndmatcandmalambg PSoCblocksnAnalog wumn 3. This signal is
derived from the mixed input of the 244, 24V2, ACLKO, and ACLK1 system clock signals. The output
of this mux is then passed through a 1:4 divider to reduce the frequency by a factor of 4. The
Acolumn3{1:0] bits in the CLK_CRO Regtster detesmine the selected Colurmn Clock,

10.3 Array of Analog PSoC Blocks

Anaiog Anaieg Analog Analog
Column ¢ Column 1 column 2 Column 3
ACADD ACAD1 ACAD02 ACAG3
ASA1D ASB11 ASA12 ASB13
ASB20 ASA21 ASB22 ASA22

Figure 16: Array of Analog P SoC Blocks




"10.4 Analog Reference Control

The refetence generator esiabishes a sed of fvee nter-
nalty fixed refefence voltages for the whole chip, AGND,
RefHi and ReflLo. The 3C26oo is a single supply part,
with no negaiive voltage avallable or appiicable. Analog
ground (AGND) I8 construcied near mid-supply. This
ground & routed to aff analog biocks and separately buff-
ered within each block. There may be a small offsel volt-

Pot2e

hatis

ape between buflered analog grounds, as indicated in
tha AC/DC Characteristics section. RefHi and Refto 5ig-
nais are generated, buffered and routed to the analog
biocks. RefHi is used o st the conversion range (Le.,
span) of analog o digital {ADC) and digital to analog
(DAC) tonverters. RefHl and RefLo can be used (o set
thresholds in comparators.

st
oy
[y
[
Seund o0

‘G Bt

Pach ey

B s MALOLS
sy
Bom

Figure 17: Analog Reference Control Schematic

10.4.1 Bandgap Test

BGT  Bandgap Test is used for faclory testing of the
intemal reference voltage lasting.

10.4.2 Bias Level

HBE  Controis the bias level for all anaiog functions. B
operaies with the power setling in each block to sef the
parametars of that biock. Mosl applications will benefit
mast from the low blas level. Al high bias, the analog
block op-amps have faster siew rate but slghtty fess volt-
age swing and higher nolse.

10.43 AGND, RefHi, RefLO

REF  Sets Analog Array Reference Control, selecting
specific combinations of veitage for analog ground and
referances. Many of these refefence voltages are based
on the precision intermad reference, a Siicon band gap
operating at 1.300 Volts. This reference has good ther-
mal stabifity and power supply rejection.

Altematively, the power supply can ba scaled to provide
analog ground and references; this is particufarly useful
for sigrals, which are ratiomelric to the power supply
voltage.

User suppliad external precision references can be con-
nected to Port 2 inputs (avalisble on 28 pin and larger
parts). This is usedul in settivg reference for spedific cus-
fomer applications such as a +/-1.000 V (from AGND)
ADC stale. References deffved from Port 2 inpub are
Emited & e safne output voltage range as the op-amps
in the analog blocks.



Table 62:  AGND, RefHI, RefLO Operating Paramelers

pReE:

1. Example shown for AGND P2J4] = 2.2V and Ref P2{6] = 1.0V

10.4.4 Analog Array Power Controt

PWR  Sets Analog Amay Power Control. Anatog array
power is controfled through the bias circuits in the Con-
tinuwous Time Dlocks and separate hias circuifs in the
Switched Capacitor blocks. Confinucus Time biocks
(ACAxXx) can be operaled to make low power compara-
tors Independent of Switched Capacitor (ASAxx and
ASBxx) blocks, without thelr power consumption.

The raference amay supplies voltage to all blocks and
cument to the Switched Capacitor blocks. At higher block
tiock rates, there is increased reference cuitent
demand; tha reference power should be sel equal to the
highest power level of the analog blocks used.



Tahle 63:  Analog Reference Control Register

ReatMrile | RW | RW | RW.

anzﬁgmaslevelmnmhr'o&m
0 = Low blas mode for analog amay
1 = High bias mode for analog amay

Bit {5:3]. REF [2:0] Analog Airay Reference Control

AGND  Highflow
000=Vee2  + Bandgap
001=FP24] = Pf]
010=Vet2 1 Vo2

01 1=2Bandgap + Bandgap
100=2Bandgap + P2[6]
101=PX4]  + Bandgap
110 = Reserved

11 1= Reserved

Bit [2:0): PWR {2:0] Analog Array Fower Control
00 0= All Anglog Cff

00 1=SCOff, REFPWR Low

0 10 = 8C Off, REFPWR Med

{1 1= SC Off, REFPWR High

10 0= At Analog Off
101=8C On, REFPWR Low

110 =8C On, REFPWR Med

111 =5C On, REFPWR High

RW

Bit 7: BGT Bandgap Test used o Intema efesence voltage estng custome shoukd al aher; mst be witten as )

Analog Reference Control Register (ARF_CR, Address = Bank 0, 63h)



10.5 Analog PSoC Block Clocking Options

All analog PSOC blocks in 3 particular Analog Column 2. Next, the user must select the source fof the
share the same clock signal Choosing the clocking for Acotumn®, Acolumni, Acolumnz, and Acoiumnd

. system-tiocking signals. The user will choose the
an anakog PSaC block is a two-5lep process. C,SCE for Acoluminx{1-D] bits in tha Analog Column

Clock Select Register {CLK_CRO0}. Each analog
PSoC block in a particular Analog Column is
clocked from the Acolumn(x] system-clocking sig-
nal for that column. {Nate thal the Acolumnix] sig-
nals have a 1:4 divider on them.)

1. First, if the user wants o use the ACLKO and
ACLK1 system-clocking signals, the digitai PSoC
blocks that serve as the source for these signals
must be selected. This selection is made in the Ana-
log Clock Setect Register (CLK_CR1).

10.5.1 Analeg Column Clock Select Register

Table 64:  Analog Column Clock Select Regisler
Bit#

TUROR R R0
Read/
Write

Bit [7:67: Acolumn 3 [1:0}
00 =24V

01=24V2

10 =ACLKD

11 = ACLK1

Bit [5:4]° Acolumn? [1:01
00 = 24V1

01=24V2

10 = ACLKO

11 = ACLK1

Bit [3:2): Acotumn1 [1:0]
00 =24V{

0D1=24V2

10=ACLKD
i1=ACLKI

Bit {1:0): Acolumng (1:0j
00=24v1

01=24v2

{10 = ACLKD

11 = ACLK1

Analog Column Clock Select Register (CLK_CRO, Address = Bank 1, G0h)



10.6 Analog Clock Select Register

Table 65:  Anatog Clock Select Register

BH 7: Reserved

the connection Is only made for the last hatf of PHIZ {during

0 = Sample and hold function enabied
1 = Sampte and hold function disabled

Bt [5:3) ACLK1[2:0)

0 00 = Digital Basic Type A Block ()

00 1 = Digital Basic Type A Block 01

0 1 0 = Digital Basic Type A Block 02

011 = Digital Basic Type A Block 03

100 = Digital Communications Type A Block 4
101 = Digital Communications Type A Block 05
110 = Digital Communications Type A Block D6
111 = Digital Communications Typa A Block 07

Bit [2:0}: ACLKO [2:0] Same configurations as ACLK1 [2:0]
0 @ 0 = Digital Bastc Type A Block 00

0 0 1 = Digital Basic Type A Block (1

{0 10 = Digital Basic Type A Block 02

01 1 = Digital Basic Type A Biock 03

100 = Digita! Commundcations Type A Block 04

1 01 = Digitat Communications Type A Block 05

110 = Digital Communications Type A Block D5

111 = Digital Communications Type A Block 07

Bit 6: SHDIS During normal operation of an SC block for the amplifier of a column enabled to drive the output bus,

at the last voltage to which It was driven): This forms a sample and hold operation using the outptt bus and its asso-
tiated capacitance. This design prevents the autput bus from being perturbed by the intermediate states of the SC
operaﬁon{dhamseistaisbrPHHaMseﬂingwMVammmpHm

Folbmg arelhaexcepﬁcm 1)lrme(}ockPhasebithRDﬂormscmamquemon)lsselto1 then the out-
put fs enabled for the whole of PHI2. 2) if the SHDIS signal is set in bit 6 of the Analog Clock Select Register, then
sample and hold operation is disabled for afl colurnns and al enabled outputs of SC Mocks are connacied Yo their
respective output busses for the entire petiod of thelr respective PHI2s

PHI1 and for the first half of PHI2, the output bus floals

Analog Clock Select Register (CLK_CR1, Address = Bank 1,

There are a total of twelve analog PSoC blocks imple-
mented for each of the foflowing types: Analog Continu-
ous Time Type A (ACAxx), Analog Switch Cap Type A
(ASAxx), and Analog Switch Cap Tyre B {ASBuxx)
These blocks are arranged in an array of three rows by
four columns. Each column has one of each type of
PSol block, and the ndividual PSoC blocks are wdenti-
fizd by the row and column i which thay reside

61h}

There are two primary types of analog PSoC blacks.
Both types contain cne op-amp but ther principles of
operation are quile differerit Continuous-time PSoC
blocks employ three configuration registers and use
fesistors o condition ampifier response.  Switched
capacitor Mocks have oive comparator and four confiqu-
ration registers and operate as discrete-time sampiing
aperators In both types, the configuration registers are



divided into distinct bit fields. Soma bit fields set the
PSoC block's resistor ratios or capacitor vaiues. Others
conigure switches and rmuliiplexers that fom connec-
tions between internal block nodes. Addifiorially, a block
may b connacted via local infarconhection resources o
neighborng analog PSoC blocks, reference vollage
sources, input muttiplexers and output husses. Specific
advantages and applcations of each hype are treated
separately below.

10.6.1 Local Interconnect

Analog continuous-time PSoC blocks octupy the op
1ow, (row 0 of the analog amay. Desionated ACA for
analog confinuous-time sublype A" each connects o its

10.6.1.1  NMux

neighbors by means of three mustiplexers. (Nota thal
unike the switched capacitor blocks, the continuois ime
Blocks in the culvent famiy of parls only have one sub-
typa.) The thres are the non-nverting input multiploxer,
“Pan,” the inverting input mulliplaxer, "N " and the
"RBotkuy™ which controls the node at the botiom of the
resistor siring. The bit fekds, which control thase multh-
plexers, are naméed Pivan:, NMux, and RBothMux, respec-
tively. The follwing dagrams show how  each
multiplexer connects its ACA block connect bo s neigh-
bors. Each amow poinis from an input source, either 3
PSoC block, bus of reference volfage to the block where
fi s used. Each arrow is labieded with the value to which
ihe bit-feld must be set fo seiect that input source.

N (inverEng) ingad Mulplerer Connections

Figure 18: NMux Connections



106.1.2 PMux

P {Non-inverting) Input Maltiplexer Connecfions
Port Pont Port Port
inputs Inputs inputs inputs
ABUS D ABUS 1 ABUS 2 ABUS 3
i ‘[5 . ( f @ % o
RERO O3 en L2 aca I aca Lo aca (01— RERO
00 ot a2 03
o
AGND 7 ASHD J, ke }  MAGND

T A I) I l
ASA ASB ASA ASB
18 13 12 13
AS8 ASA ASB ASA
. i » 2

Figure 19: PMux Connections

10.6.1.3 RBotMux

RE input Multplexer Connections
vﬁS v&i
\Pl . \(3‘}
ACA ACA @yl ACA
0a 02 jeifi 03
m in
AG(D ' {r A(:‘éﬁ 'l,
10 12 13
ASH ASA ASB ASA
oY) 21 22 23

Figure 20: RBotMux Connections



10.7 Analog Continuous Time PSoC Blocks
10.7.1 Introduction

The Analog Continuous Time PSoC blocks are buit
around an operational amplifier. There are several ana-
log muxes that are controfied by register-b#t settings in
the contro! registers that defermine the signal topology
inside the block. There is also a precision resistor matrix
that is located in the feedback path for the op-amp, and
is controlled by register-bit setting. There s also an ana-
log comparator connected fo the output OUT, which con-
vearls anzicq comparisons info digital signals.

There are five discrete oulputs from this block. These
outputs are:

1. The analog output bus {ABUS), which is an analog
bus resource that is shared by alt of the anatog
blocks in the analog column for that block.

2. The comparator bus (CBUS), which is a digital bus
that is a resourte that is shared by all of the analog
blocks in a column for that block.

3. The output bus (OUT, GCUT and LOUT), which is
an anailog bus resource that is shared by all of the
analog blocks in a column and cornects o one of

the analog outpual buffers, fo send a sional externally
to the device.

This block supports Programmable Gain or atienuation
Op-Amp Circuits, (Differential Gain) instrumentation
Amplifiers {using two CT Blocks), Continuous time high
frequency anfi-aliasing féters, and modest response-time
analog comparators.
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TewtMux
REFH
REFLO
AGND
PWxOut CompCep

Block inputs
Fort inpul
ABUS
AGND
PMux
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‘ AnalogBus
auT
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~ -
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/ Ve
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RESIETOR
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Biock puts
AGND
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Rl’aphlm
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GIN }
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Figure 21: Analog Continuous Time PSoC Blocks

10.7.2 Registers
10.7.2.1

The RTopMux and RBotMux bits control the connection
of the two ends of the resistor stning. The RTopMux bit
controls the top end of the resisior siring, which can
efther be connected o Yec of 1o the op-amp output. The
RBotMux bits control the connetion of the hottorn end of
the resistor string.

Analog Continuous Time Block xx Control 0 Register

The RTaphMuix bits conirol the cenler tap of the resistor
string. Nole that onty relative weighting of units is given
in tha table.

The Gain and Loss columns commespond to the gain of
loss obtained if the RTopMux and Gain bits are sef so
that the overall ampiifier provides gain of loss.

The Gain bt controls whether the resistor string is con-
necled around the op-amp as for gain {center tap to



Table 66:  Anatog Continuous Tisne Block xx Control 0 Register

Bit [7:4]: RTapMux [3:0] Encoding for selecting 1 of 16 resistor taps
0000=Rf15=Ri01 = Loss 0625/ Gain 16.00
0001 =Rf14=Ri02= Loss.1250/ Gain 8.000
00 10=RI13=Ri 03 = Loss 16757 Gain 5.333
0011=Rf12=Ri0d =Loss 2500/ Galn 4.000
0100=Rf 1= Ri05 = Loss 3125/ Gain 3.200
0101=Rf10= Ri06 = Loss 3750/ Gain 2.667
01 10=RI09 = Ri 07 = Loss .4375/ Gain 2.286
01 11=R{08=Ri08 =Loss 5000/ Galn 2.000 _
1000=Rr07=Ri09=Loss 5625/ Gain 1.778
1001=RI06=Ri10 = Loss 6250/ Gain 1.600
1010=RI05=Ri11 = Loss 6875/ Gain 1.455
0t 1=Rf04 = Ri 12= Loss 7500 / Gain 1.333
1100=Ri03=Ri13=Loss 8125/ Gain 1.231

110 1=Rf02 = Ri 14 = Loss 8750/ Gain 1.143
1110=Ri01 =Ri15= Loss 9375/ Gain 1.067
111 1=R{00 = R 16 = Loss 1000/ Gain 1.000

Bit 3: Gain Select gain of loss configuration for output tap
0= Loss

1= Gain

Bit 2 RTopMuyx Encoding for feedback resislor select

0 = Rtop to Ve

1 = Riop to op-amp's output

Bit {1:01: RBotMux {1:0} Encoding for feedhack resistor select

ACADD  ACANM  ACA02  ACAO3

00=  ACAO1 ACADD ACAQ3 ACAD2
O0t=  AGND AGND AGND AGND
10= Vss Vss Vs Vss

11=  ASA10 ASB1 ASA12 ASB11

Analog Continuous Time Block 00 Contrad 0 Register (ACADOCRO, Address = Bank 0/1, 71h)
Analog Continuous Time Block 01 Controd 0 Register (ACAD1CR0, Address = Bank 0/1, 75h)
Analog Continuous Time Block 02 Control 0 Regisler (ACAD2CRD, Address = Bank D/, 76h)
Analog Continuous Time Block 03 Control 0 Register (ACAD3CRO. Address = Bank 0/1, 7Dh)



10.7.2.2

The PMux hits contro! the multiplexing of inputs to the
non-inverting input of the op-amp. There are physically
onty 7 inputs.

The 8% code (111} will leave the inpt fioating. This is not
desirable, and should be avoided

The NMux bits conirod the muttiplexing of inpuls to the
inverting input of the op-amp. There are physically onty 7

inputs.

Analog Continuous Time Block xx Control 1 Register

CompBus controls a tri-state buffer that drives the com-
parator kgic. if no PSoC block in the analog column Is
driving the comparator bus, it will be driven low externally
to the biocks.

AnalogBus confrols the analog output bus. A CMOS
switch connects the op-amp outpu! to the anatog bus

Table 67:  Analog Continuous Time Block xx Controi 1 Register

BH # i 6 4 3 2 1 0
PO : '

Read/

Write

Bif Name 11

Bit 7: AnalogBus Enable output to the analog bus
0 = Disable anatog bus driven by this biock
1 = Enable analog bus driven by this block

Bit 6: CompBus Enahble oulput to the comparator bus
0 = Disable comparator bus driven by this biock
1 = Enable comparator bus driven by this block

Bit [5:3}: NMux [2:0] Encoding for negative inpul select

ACAN ACAD1  ACAQ2 ACAQ]
000= ACADY ACADQ ACAQ3 ACAD2
001= AGND AGND AGND AGND
010= REFLD REFLC REFLO REFLO
011= REFHI REFHi REFH! REFHI
100= ACADD ACAD1 ACAD2 ACAD3
101= ABAtD ASB11 ASA12 ASB13
110= ASBH ASA1D ASB13 ASA12
111= Reseived Reserved Reserved Resefved

Bit {2:0}: PMux {2:0] Encoding for positive input select

ACAN ACAOL ACA02 ACADY
000= REFLO ACAQ2 ACAD1 REFLO
001= Portlnputs Portinputs Portinputs Port Inputs
010= ACAD1 ACADD ACAD3 ACADZ
011= AGND AGND AGND AGND
100= ASAtD ASB11 ASA12 ASB13
101= ASB11 ASA10 ASB13 ASA12
110= ABUSD ABUS1 ABUS2 ABUS3
111= Reserved Reserved Reserved Reserved

Analag Continuous Time Block 00 Control 1 Register {ACAQICR1, Address - Bank 071, 721
Analog Continous Time Block 01 Control 1 Register {ACADI1CR1, Address = Bank 0/1, 76h)
Analog Continuous Time Block 02 Control 1 Register {ACAD2CR1, Address = Bank 0/1, 7Ah)
Analog Cantinuous Time Block 03 Control 1 Reqister {ACAG3ICR 1. Address = Bank 071, 7Eh}



10.12 Analog IO

10.121  Analog Input Muxing

3344 811
Ao\ MUX /| acni WUX l/ MUX Zace | S\ WUX Lac
ACM) ACMI ACM2

A

A

=\

A

ACH
ACAQ0 ACAO1
P2y —— ASA10 ASB11
Pt} ——— ASB20 ASA
10.12.2 Analog Input Select Register

This register controls the analog muxes that feed signals
in from port pins into each Analog Column. Each of the
Anatog Columns can have up to four port bits connected
1o its muxed inpul Analog Columns 01 and 02 (ACH and
ACI2) have additional nupres that allow selection
between separate column multiplexers (see Analog Inpid
Mtxing diagram above). The ACIMUx and ACZMux bif
fields control the bits for those muxes and are located in
the Analog Output Buffer Control Register (ABF_CR}.
There are four additional analog inputs that go directly

into the Switch Capacitor PSoC blocks.

ACAD2 ACA03
ASA12 ASB13
ASB22 ASAZ23

Figure 27: Analog Input Muxing

P23

P



Table 80:  Analoq input Select Register

Bit [7:6]. ACI3 {1:0]
0.0 = ACM) PO{D)
0 1= ACMI PO[2)
10= ACMI POi4]
11 = ACM3 POJ6}

Bit [5:4]: AC2 [1:0}

0 0= ACM2 PO[1]

0 1= ACM2 PO{3]

10 = ACM2 PO[5)

11=ACM2 PO[7]

ACol2Mux (ABF_CR, Address = Bank1, 62h)
0=AC2=ACM2

1=AC2 = ACM3

Bit {3:2]: ACl1 [1:0)

00 = ACM{ PO0)

0 1= ACM{ FOj2)

10 = ACM1 POj4]

11= ACM1 POIG)

AColIMux (ABF_CR, Address = Bank1, 62h)
0= ACY = ACM1

1=ACY = ACMD

Bit [1:0}: ACKR{1:0]
00 = ACMO PO[1]
0 1= ACMO PO[3]
10 = ACMO P[5
11 = ACMO PO7]

Analog Input Sefect Register (AMX_IN, Address = Bank 0, 60h}
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10.12.4 Analog Output Buffer Control Register
Table 81  Analog Output Buffer Control Register

0= Setwhmn1mputtomlmm1mnmuxmmn
1= Setcohmmhnpmtocohrmomnmuxmm

Bit 6: ACol2Mux
b= Selcoltmn?mpdloodumzhmnmmmﬁwt
1-Smmm2mpmbmm3mm"mmm!

Bit 5: Asz__E..Enablesm momnnbimmorﬁumcmm (Pinpqﬂ)‘ '
0= Dtsabiembgmmnblmer '
1 = Enable analog output buffer

Bit 4. ABUF2EN Enatles the analog output bufler for Analog Column 2 (Pin PO[4})
0 = Disable analog output buffer
1 = Enable analog output buffer

Bit 3: ABUFJEN Enables the analog output huffer for Analog Column 0 (Pin PO{3])
0 = Disable analog oulpis bulfer
1 = Enable analog output huffer

Bit 22 ABUF3EN Enables the analog output hufier for Analog Cofumn 3 (Pin PO{2])
D = Disable anatog output buffer
1 = Enable analog output bulfer

Bit {1} Reserved Mustbe left as 0
Bit [0]: PWR Determines power lave! of all output buffers

0 = Low output power
1 = High output power

Analog Qutput Bufter Control Register (ABF_CR, Address = Bank 1, 62h)

10.13 Analog Modulator

The user has the capability to use the Analog Swilch
Cap Type A PSoC Blocks i Columns 0 and 2 as ampl-
tude modulators. The Analog Modutator Control Register
(AMD_CR) allows the user to seled the appiopriate
modulating signat When the modulating signal is low,
the polanty fokows the setting of the ASign bit set in the
Analog Switch Cap Type A Contiol 0 Register
{A5AxXCRO}Y. When thrs signat is high, the normal gain
potanty of the PSGC block is inverted.



Table 82:

Analog Modulator Control Register

Bit 7- Reserved
Bit 6: Resegved
Bit 5. Reserved
Bit 4: Reserved

00 = No Modutation
0 1 = Global Output {0
10 = Global Output [4)
11 = Digital Basic Type A Block 03

00 = No Modutation '

0 1 = Global Quiput [0]
1 0 = Glohal Output (4]
1 1 = Digital Basic Type A Block 03

Bit {3:2]: AMOD2111. AMOD2{0} Selecis the modulation signal for Analog Column 2

Bit {1:0]: AMOOG[1], AMODO[D] Selects the mdubhon signal for Anatog Cotumn 0

Analog Modulator Control Register (AMD_CR, Address = Baok 1, 63h)

10.14 Analog PSoC Block Functionality

The anatog P3oC Bocks can be used to implement a
wide jange of functions, limited only by the designers
imagination. The following Rinctions operate within the
capability of the analog PSoC blocks using one analog
PSoC block, multiple analog blocks, a combination of
more than one fype of analog black, of a combnation of
analog and digital P3oC blocks. Most of these funclions
are currently available as User Modules in PSoC
Designer. Others will be added in the future.

*  Della-Sigma A/D Converters

" Successive Approximation A/D Converters
® incrementat A/D) Conveners

®  Programmable Gaind css Stage

*  Analog Comparators

*  Zern-Crossing Detectors

= low-Pass Filter

® Band-Pass Filter

& Notch Filter

& Amplitude Modulators

»  Amplitude Demodulators
*  Sine-Wave Generators
®  Sine-Wave Detectors

s Sidehand Detection

*  Syeband Sirpping

a  Audio OCutpud Drive

®  DTMF Generator

® 5K Modulator

By modifying registers, as described in this Data Sheel,
users can configure PSoC blocks to perform thesa fung-
tions and more.



Table 98:  CY8C25122, CYBC26233, CYBC26443, CYBC26643 (256 Byles of SRAM)

Output SRAM Data
2 e

Calbraws | Febe ™ fog faan |5 ha | ma | wa o o [ [~ [+ |+ |- |
defauh

1. This is a software-oniy reset.

2. This operation should anly be mvoked by calling a functicn in the FlashBlock ibvary. Device specifications are no
tonger guaranteed if this funclion is directly calied by the user's code.

3 This function can only be invoked by the device programmer, not by user's code.

4. The address is hard coded by algorithm.

5. User-writeable registers include Main Oscillator Trim (IMO_TR), Intemal Low Speed Oscillaior Tam (LO_TR), and
Bandgap Trm (BDG_TR).

Notes:

NA: Not applicahle

' Indeterminate

Blk ID° Number of B4-byte bock within FLASH memofy space

Clock CPU system clocking signat value

Pointer Address of first byte of 64-byle block within SRAM memory space
TV: Tahle value
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