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Table 1.3  Pin Arrangement by Mode for SH7040, SH7042 (TQFP-120 Pin) (cont)

TQFP120 Pin No. MCU Mode PROM Mode
63 PD10/D10 NC
64 PD9/D9 NC
65 PD8/D8 NC
66 Ves Vo
67 PD7/D7 D7
68 PD6/D6 D6
69 PD5/D5 D5
70 Vee Vee
71 PD4/D4 D4
72 PD3/D3 D3
73 PD2/D2 D2
74 PD1/D1 D1
75 PDO/DO DO
76 Ves Ves
77 XTAL NC
78 MD3 Vee
79 EXTAL Ves
80 MD2 Vee
81 NMI A9
82 Vee Vee
83 MD1 Vee
84 MDO Vee
85 PLLV . Vee
86 PLLCAP Ve
87 PLLV Ve
88 PA15/CK NC
89 RES Vep
90 NC NC
91 NC NC
92 PEO/TIOCOA/DREQO NC
93 PE1/TIOCOB/DRAKO NC
22
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CPU returns to ordinary program execution state through the exception processing state after tf
oscillator stabilization time has elapsed. In this mode, power consumption drops markedly, since

the oscillator stops (table 2.18).

Table 2.18 Power-Down State

State
On-Chip
On-Chip Cache or 1/0
Transition Peripheral CPU On-Chip Port
Mode Conditions Clock CPU Modules Registers RAM Pins  Canceling
Sleep Execute Run  Halt Run Held Held Held « Interrupt
.SLEEP. « DMA address
instruction
with SBY bit error
cleared to O ¢ Power-on reset
in SBYCR ¢ Manual reset
Stand- Execute Halt Halt Haltand Held Held Held or « NMI interrupt
by _SLEEP_ initialize Hi-Z . Power-on reset
instruction (select-
with SBY bit able) * Manual reset
setto lin
SBYCR

Note: * Differs depending on the peripheral module and pin.
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12.2.3  Timer I/O Control Register (TIOR)

The TIOR is a register that controls the TGR. The MTU has eight TIOR registers, two each for
channels 0, 3, and 4, and one each for channels 1 and 2. TIOR is initialized to H'00 by a power-o0
reset or the standby mode. Manual reset does not initialize TIOR.

Channels 0, 3, 4: TIOROH, TIOR3H, TIOR4H

Channels 1, 2: TIOR1, TIOR2:

Bitt 7 6 5 4 3 2 1 0
‘IOB3 ‘IOBZ ‘IOBl ‘IOBO ‘IOAB ‘IOAZ ‘IOAl ‘IOAO
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

» Bits 7-4—I1/O Control B3—B0 (I0OB3-I0B0): These bits set the TGRB register function.
* Bits 3-0—I/O Control A3-B0 (IOA3-I0A0): These bits set the TGRA register function.

Channels 0, 3, 4: TIOROL, TIOR3L, TIOR4L:

Bitt 7 6 5 4 3 2 1 0
‘IODS \|002 ‘IODl ‘IODO ‘IOCS ‘IOCZ \|001 ‘IOCO
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Note: When the TGRC or TGRD registers are set for buffer operation, these settings become
ineffective and the operation is as a buffer register.

* Bits 7-4—I/O Control D3-D0 (I0OD3-10D0): These bits set the TGRD register function.
» Bits 3-0—I1/O Control C3—CO0 (I0C3-10C0): These bits set the TGRC register function.
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e Bits 3—-0—I1/O Control C3—CO0 (I0C3-10C0): These bits set the TGROC register function.

Bit3: Bit2: Bitl: BitO:
IOC3 10C2 I0C1 10CO Description

0 0 0 0 TGROC Output disabled (initial value)
1 is an Initial QOutput 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is 1 Toggle output on compare-match
1 0 0 0 TGROC Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOCOC pin
1 0 0 register Capture Input capture
1 input source on TCNT1
1 0 is channel 1/ count up/count down
1 count clock

Note: When the BFA bit of TMDRO is set to 1 and TGROC is being used as a buffer register, these
settings become ineffective and input capture/output compares do not occur.
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12.4.9 Complementary PWM Mode

In the complementary PWM mode, three-phase output of non-overlapping positive and negative

PWM waveforms can be obtained using channels 3 and 4.

In complementary PWM mode, TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCA4C, and TIOC4D
pins become PWM output pins, the TIOC3A pin can be set for toggle output synchronized with

the PWM period. TCNT3 and TCNT4 function as increment/decrement counters.

Table 12.15 shows the PWM output pins used. Table 12.16 shows the settings of the registers.

A function to directly cut off the PWM output by using an external signal is supported as a port

function.

Table 12.15 Output Pins for Complementary PWM Mode

Channel Output Pin Description
3 TIOC3A Toggle output synchronized with PWM period (or /O port)
TIOC3B PWM output 1
TIOC3C 1/O port (Avoid setting this pin as a timer I/O pin in the
complementary PWM mode.)
TIOC3D PWM output 1 (non-overlapping negative-phase waveform of
PWM output 1)
4 TIOC4A PWM output 2
TIOC4B PWM output 3
TIOC4C PWM output 2 (non-overlapping negative-phase waveform of
PWM output 2)
TIOC4D PWM output 3 (non-overlapping negative-phase waveform of
PWM output 3)
352
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12.7 Notes and Precautions

This section describes contention and other matters requiring special attention during MTU
operations.

12.7.1  Input Clock Limitations

The input clock pulse width, in the case of single edge, must be 1.5 states or greater, and 2.5 st
or greater for both edges. Normal operation cannot be guaranteed with lesser pulse widths.

In phase counting mode, the phase difference between the two input clocks and the overlap mu
be 1.5 states or greater for each, and the pulse width must be 2.5 states or greater. Input clock
conditions for phase counting mode are shown in figure 12.76.

Phase Phase
difference difference
Overlap Overlap Pulse width Pulse width
Tolka e -~ -~
(TCLKC) : i : : !
I I I | | I ! I
TCLKB ! ! ! ! !
(TCLKD) | I I I I
| ' | | ' | ' ' !
I Pulse width ! I Pulse width !
— —!

Note: Phase difference and overlap: 1.5 states or greater
Pulse width: 2.5 states or greater

Figure 12.76 Phase Difference, Overlap, and Pulse Width in Phase Count Mode

12.7.2  Note on Cycle Setting

When setting a counter clearing by compare-match, clearing is done in the final state when TCN
matches the TGR value (update timing for count value on TCNT match). The actual number of
states set in the counter is given by the following equation:

P

(N+1)

(f: counter frequency, @: operating frequency, N: value set in the TGR)
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Table 14.3 Bit Rates and BRR Settings in Asynchronous Mode (cont)

¢ (MHz)
Bit Rate 12.288 14 14.7456
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 217 0.08 2 248 -0.17 3 64 0.70
150 2 159 0.00 2 181 0.16 2 191 0.00
300 2 79 0.00 2 90 0.16 2 95 0.00
600 1 159 0.00 1 181 0.16 1 191 0.00
1200 1 79 0.00 1 90 0.16 1 95 0.00
2400 0 159 0.00 0 181 0.16 0 191 0.00
4800 0 79 0.00 0 90 0.16 0 95 0.00
9600 0 39 0.00 0 45 -0.93 0 47 0.00
14400 0 26 -1.23 0 29 1.27 0 31 0.00
19200 0 19 0.00 0 22 -0.93 0 23 0.00
28800 0 12 2.56 0 14 1.27 0 15 0.00
31250 0 11 240 0 13 0.00 0 14 -1.70
38400 0 9 0.00 0 10 3.57 0 11 0.00
486
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Table 15.1 Pin Configuration

Pin Abbreviation  1/0 Function

Analog supply AV | Analog section power supply

Analog ground AV | Analog section ground and A/D conversion
reference voltage

Reference voltage AV ¢ | A/D conversion standard voltage
(SH7043 only)

Analog input O ANO | Analog input channel 0

Analog input 1 AN1 | Analog input channel 1

Analog input 2 AN2 | Analog input channel 2

Analog input 3 AN3 | Analog input channel 3

Analog input 4 AN4 | Analog input channel 4

Analog input 5 AN5 | Analog input channel 5

Analog input 6 ANG6 | Analog input channel 6

Analog input 7 AN7 | Analog input channel 7

A/D external trigger input ADTRG | External trigger for A/D conversion start

15.1.4 Register Configuration
Table 15.2 shows the configuration of the high speed A/D converter registers.

Table 15.2 Register Configuration

Name Abbreviation R/W Initial Value Address Access Size
A/D data register A ADDRA R H'0000 H'FFFF83FO0 8,16
A/D data register B ADDRB R H'0000 H'FFFF83F2

A/D data register C ADDRC R H'0000 H'FFFF83F4

A/D data register D ADDRD R H'0000 H'FFFF83F6

A/D data register E ADDRE R H'0000 H'FFFF83F8

A/D data register F ADDRF R H'0000 H'FFFF83FA

A/D data register G ADDRG R H'0000 H'FFFF83FC

A/D data register H ADDRH R H'0000 H'FFFF83FE

A/D control/status register ADCSR R/(W)* H'00 H'FFFF83EOD

A/D control register ADCR R/W  H'00 H'FFFF83E1

Note: * Only O can be written to bit 7 to clear the flag.
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When the DTC or DMAC are activated by an ADI interrupt, the ADF flag is cleared to 0 when the
final specified data register is read.

Table 15.9 High Speed A/D Converter Interrupt Sources

Interrupt Source Description DTC, DMAC Activation

ADI Interrupt caused by conversion end Possible

15.6  Notes on Use
Take note of the following for the A/D converter.

1. Analog input voltage range
During A/D conversions, see that the voltage applied to the analog input pins ANO—AN?7 is
within the range Avss ANO—AN7 < AVcc.

2. AVcc and AVss input voltages
The AVcc and AVss input voltage must be AVcc = Vec + 10%, AVss = Vss. When not using
the A/D converter, use AVcc = Vcc, AVss = Vss. During the standby mode,yges\Avcce
< 5.5V, AVss = Vss. ¥,y is the RAM standby voltage.

3. AVref input voltage
The analog standard voltage AVref (A¥must be Avrek AVcc. When not using the A/D
converter, use Ay; = Vcc. During the standby mode, usg,y < AVref < AVcc. Vg is the
RAM standby voltage.

4. Input ports
The time constant for the circuit connecting to the input port must be shorter than the samplir
time of the A/D converter. Input voltage may not be sampled sufficiently when the time
constant of the circuit is long.

5. Conversion start modes
Depending on the PWR bit setting, the demand for A/D conversion will differ for the high-
speed start mode and low-demand conversion mode.

6. Analog input pins handling
Connect a protection circuit as shown in figure 15.14 to prevent analog input pins (ANO—-AN?7
from being destroyed due to abnormal voltage from surge, etc. This circuit is also equipped
with a CR filter to control errors due to noise. The circuit shown in the diagram is only an
example and the number of circuits is to be determined by considering the actual condition o
use.
Figure 15.15 shows an equivalent circuit of analog input pins and table 15.10 shows the
specification of the analog input pins.
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Table 15.10 Analog Input Pin Specification

Item Min Max Unit
Analog input capacity — 20 pF
Permitted source impedance — 1 kQ

565
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Section 16 Mid-Speed A/D Converter (A Mask)

16.1  Overview

The mid-speed A/D converter has 10 bit resolution, and can select from a maximum of eight
channels of analog input.

The mid-speed A/D converter is structured by two independent modules (A/DO and A/D1)

16.1.1 Features

The mid-speed A/D converter has the following features:

L]

10-bit resolution
Eight input channels (four channels times two)
Analog conversion voltage range setting is selectable

0 Using the standard voltage pin (AVref) as an analog standard voltage (Vref), conversion c
analog input from OV to Vref (only with SH7041A, SH7043A, and SH7045).

(Connected to Ay internally in the SH7040A, SH7042A, and SH7044.)
High speed conversion
O Minimum conversion time: per channel
O Operation frequency: <LOMHz, CKS=0, 1

6.7us (20MHz, CKS=1)
0 Operation frequency: f>20MHz, CKS=0
9.3us (28.7MHz, CKS=0)

Multiple conversion modes
0 Single mode/scan mode
0 2 channel simultaneous conversion
Three types of conversion start
O Software, timer conversion start trigger (MTU), or ADTRG pin can be selected.
Eight data registers
0 Conversion results stored in 16-bit data registers corresponding to each channel.
Sample and hold function
A/D conversion end interrupt generation
O An A/D conversion end interrupt (ADI) can be generated on completion of A/D

conversion.
Furthermore, ADIO (A/DO interrupt request) can activate DTC and ADI1 (A/D1 interrupt
request) can activate DMAC.
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Table 16.4 A/D Conversion Time (Single Mode)

CKS=0 CKS=1
Notation Min Typ Max Min Typ Max
A/D conversion start delay time t, 10 — 17 6 — 9
Input sampling time tspL — 64 — — 32 —
A/D conversion time teeny 259 — 266 131 — 134

Note: Numbers in the table are in states (t.,.).

16.4.4  External Trigger Input Timing

It is possible to start A/D conversion from an external trigger input. External trigger input is input
from the ADTRG pin or MTU when the TRGE bit of the A/D control register (ADCR) is set to 1.

A/D conversion is started when the ADST bit of the A/D control/status register (ADCSR) is set tc
1 by theADTRG input pin last transition edge or MTU trigger. Other operations, regardless of
whether in the single or scan mode, are the same as when setting the ADST bit to 1 with the
software.

Figure 16.6 shows an example of external trigger input timing.

“o T 1 1 .

External trigger
signal

ADST
A/D conversion

Figure 16.6 External Trigger Input Timing

581
RENESAS



30 arJ0IL/ST3d ST3dLNODHITMOVA/ArO0IL/STad ST3dLNO0HI/IXHOVA/ArO0IL/STd ST3dLNODHI/TMOVA/ArI0IL/STId ELEE] [ S €
ON OvO0IL/vT3d v13d HY/0X0va/OvO0IL/yTad v13d HY/0MOVa/OvI0IL/vT3ad v13d HVY/0X0vA/O¥J0IL/vT3ad v13d T c 4
ON S34W/arO0IL/ET3d €13d S3HW/gvO0IL/ETId €13d S3HW/YO0IL/ETId €13d S3HW/8rO0IL/ET3d €13d 21T i 0zt
ON VY¥O0I11/¢T3d ¢13ad VY¥OO0IL/2T3d ¢13d V¥O0IL1/cT3ad ¢13d V¥OO0IL/¢T3d ¢t3d 17T EVT 6TT
ON aed01L/TT3d T13d agd01L/TTad 113d aed0IL/TT3d T13d aed0IL/TT3d 113d 0TT T 81T
ON 0€D0011/0T3d 0T3d 0€D0I1L/0T3d 0T3d O€D0I11/0T3d 013d 0€D011/0T3d 0T3d 80T orT 91T
ON g€0011/63d 63d g€J01L/63d 63d g€001.1/63d 63d d€00I.1/63d 63d 20T 6ET STT
ON VYEDO0IL1/83d 83d VE€DO0I1/83d 83d VED0IL1/83d 83d VEDO0IL/83d 83d 90T 8ET v1T
ON 9¢0011/.3d /3d g¢001L/.3d 23d 9¢00I1L/.3d ,3d g¢001.1/.3d ,3d SOT LET €TT
ON V2OO0I11/93d 93d Vv22011/93d 93d V¢O0I11/93d 93d VvZo0I11/93d 93d 0T 91T 1T
ON d10011/53d S3d g1001L/53d S3d g1001.1/53d S3d d100I.1/53d S3d 20T STT 60T
ON VTOOILl/v3d v3d VID0I1l/v3d v3d VIO0IU/v3d v3d VIO0IL/v3d 3d 68 viT 96
ON a020IL/e3d €3d TXVHYA/A0001L/e3d €3d TXVHA/a0001L/e3d €3d TXvYa/a000IL/e3d €3d 88 €TT S6
ON 2000l11/¢3d ¢3ad 1034d/0000I11/23d ¢3ad 103HA/0000I1.1/23d 23d 1034Qd/0000I.1/23d 23d .18 T1T 6
ON 90001L/T3d T3d 0Xv4a/g000I1L/Tad T3d 0Xvyda/g0001L/T3d T3d 0Xvda/d0001.L/T3d T3d 98 0TT €6
ON Y020l11/03d 03d 003HQJ/v00O0IL/03d 03d 0034A/v020IL/03d 03d 0D34A/V020I.L/03d 03d S8 60T 26
SSA LNV/.dd LNV/Ldd LNV/Ldd LNV/Ldd LNV/.dd LNV/.dd LNV//dd LNV/L4d 66 92T 90T
SSA 9NV/9dd 9NV/94d 9NV/94d 9NV/94d 9NV/94d 9NV/94d 9NV/94d 9NV/94d 86 144 SOT
SSA SNV/Sdd SNV/Sdd SNV/Sdd SNV/Sdd SNv/Sdd SNv/Sdd SNV/Sdd SNv/Sdd 96 (41 €01
SSA YNV/vdd VNV/vdd VNV/vdd YNV/vdd VNV/vdd YNV/vdd YNV/vdd PYNV/vdd SG6 (444 20T
SSA ENV/Edd ENV/Edd ENV/Edd ENV/Edd ENV/Edd ENV/Edd ENV/Edd ENv/Edd 6 141 10T
SSA ¢Nv/2dd ZNV/2dd ZNv/2dd Z¢Nv/2dd ZNV/edd ¢NV/2dd ZNv/edd ¢NV/2dd €6 0zt 00T
SSA TINV/Tdd TINV/Tdd TNV/Tdd TNV/Tdd TINV/Tdd TINV/Tdd TINV/Tdd TINV/Tdd 26 61T 66
SSA ONV/0dd ONV/0dd ONV/0dd ONV/0dd ONV/0dd ONV/0dd ONV/0dd ONV/0d4d 16 8TT 86
EEIS\ J3UAV J3UAVY EEIS\ 439AV EEISTN EELIA\ EELTA\Y — 22T -
ISSOd UonouN pajoalas D4d  uonound [eniuf ISSOd UONoUN Pajoalas D4d Uonaun4 [eniu| SanifljqiSsod uonaun4 pajasjes D4d uonaund feniu| 1SS0 UONoUNS pajoalas J4d uonound [eniu|  ¢TTdd  vvTdd 02TddLl

apo diyD jbuis Z3POW NdIN T 9PON NdW 09PON NdIN

pajgeus WOy diyd-uo

pajgesia WOy diyd-uo

(1u02) spo Aq wswabuelly uld Z'8T 9|qel

aweN uld

"ON uid

606

RENESAS



SH7042 (120-pin version) EPROM socket HN27C101
adapter
Pin number Pin name FTTT T T T T Pin name Pin number
— 1 l_"—| 0.1y |
89 RES/Vpp : - : Vpp 1
1 1
81 NMI i i A9 26
I
75 PDO/DO : ; 1100 13
I
74 PD1/D1 } . /01 14
|
73 PD2/D2 l ‘ 1102 15
I
I
72 PD3/D3 I 3 1103 17
|
71 PD4/D4 } ; 1104 18
! :
69 PD5/D5 ‘ 1 1105 19
| I
68 PD6/D6 : ‘ 1106 20
‘ !
67 PD7/D7 } 1 1107 21
‘ ‘
5 PCO/AO ; 1 A0 12
! |
6 PC1/AL ‘ } Al 11
1 I
7 PC2/A2 1 % A2 10
i
8 PC3/A3 ; A3 9
|
9 PC4/A4 i A4 8
I
| !
10 PC5/AS a ; A5 7
I
11 PC6/A6 i 3 A6 6
12 PC7IA7 : } A7 5
‘ ‘
13 PC8/A8 ‘ ; A8 27
— ‘ i —
26 PB3/IRQL/POEL/CASL i ‘ OE 24
‘
15 PC10/A10 } ; A10 23
‘ |
16 PC11/A11 i : ALl 25
|
17 PC12/A12 : ! AL2 4
! |
18 PC13/A13 : i A13 28
I
19 PC14/A14 I : Al4 29
i
20 PC15/A15 ; 1 Al5 3
I
21 PBO/AL6 : i A16 2
————— |
27 PB4/IRQ2/POE2/CASH l : PGM 31
BTt
3 PE15/TIOCAD/DACKL/IRQOUT —+ : CE 2
— | I
2 PE14/TIOC4C/DACKO/AH ; ! vee 32
— I
29 PB5/IRQ3/POE3/RDWR ! : Vss 16
‘
| |
22,40, 70, 82, 111 vee i ! Vpp: PROM program
L | power supply
84 MDO | 1 f2ev)
83 MD1 ! Al6 to AO: Address input
{ ! 1107 to 1/00: Data input/
80 MD2 : i output
| | OE: Output enable
85, 107 PLLVCC, AvCC ! | PGM: Program enable
86, 87, 79 PLLCAP, PLLVSS, EXTAL i TE: Chip enable
I
4,24, 28, 36, 42 | 1
vss i |
58, 66, 76, 97, 108, 117 | L \
I =100 !
98 t0 103 PFO/ANO to PF5/ANS LS |
+ I
105 to 106 PF6/ANG to PF7/AN7 i !
‘ !
I
104 AVSS ; !
!
|
i
78 MD3 F i |
&

Figure 21.3 SH7042 Pin and HN27C101 Pin Correspondence (120-Pin Version)
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_ TRp |, TRn . TRr2 |, TRc |, TRcc
{ { / A
SO SN N Y 2 S N N N/
[RAiDl N
—_ ~ RASD2,
RAS / L fesr }t « ‘—#[_
N teaspl i R .
(
«
RDWR / »
Figure 25.18 Self Refresh
 Tal | Ta2 | Ta3 J Tad | TL | TW | Two | T2
ek _f, Y NFJ \_}_}_7 \_z%_%_;’t_*_/ X 4\
A21-A0 F% X

tCSDl tCSDZ

3
B
1

tanD1 tanpa
I X
trsp1 tRsp2
(During read) —— tuno tan tros ||| teon
‘D15—D0 2 Address P *
(During read) twso t
L!V’DZ
WRxx
(During write) / M
tyap tman | twop o
D15-DO ) +:>—
oy —
(During write) Address q
t{f_. <B\/:H lw:s_’ «E\VTH ] e
WAIT Z, T\
tDACKDl tDACKDl
<+

DACKn

Note: tgrpy is specified from fastest negate timing of A21-A0, CS3, and RD.

Figure 25.19 Address Data Multiplex I/O Space Cycle (1 Software Wait + External Wait)
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PAR

Internal

™~
sdl
,_IQ data bus

RES
PAG/ R -
TCLKA/
CLK/ D
CS2. A ! Q PAnDR
PA7/ N| cl:_ v
TCLKB/ PAW S5, CS3
CS3
_PFC__
|
,_;E:‘H 1 lQ PANMDO
|
> |
L HQ PANMD1
(L |
é‘ 1O PANIOR
J [ ——
R S aRe=
SBYCR
, Standby —
———d @l HQ HIZ
|
MTU_
> TCLKA,
' TCLKB

n==6, 7

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

Figure B.3 PAG6/TCLKA/CS2, PA7/TCLKB/ CS3 (ZTAT, Mask) Block Diagram
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On-chip”

PCn/| |

An

_EPROM___
E » An
™ oo
I/I/ Cl:— PCR
Internal
data bus
PROM mode F':RES
P | Q PCnDR D
i n
Lpcw
! § 7 Single mode
/4 MCU mode 0
MCU mode 1
\‘LLG MCU mode 2
—— Bus right ,_P_F_q ______
release E Q PBAMD
|
|
HQ PBnIOR
I ___________
Cl‘:‘ Standby _SBYCR ___
|
: Q HIz
n=0-15

PCR: Port C read signal
PCW: Port C write signal
RES: Reset signal

Note: * Not available with the mask versions.

Figure B.22 PCn/An Block Diagram
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