Section 15 Electrical Characteristics (5V Version)

15.1  Absolute Maximum Ratings
Table 15.1 shows the absolute maximum ratings.

Table 15.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Power supply voitage Vee -0.3t0 +7.0 A
Input voltage Vin —0.3to Vg + 0.3 Vv
Operating temperature Topr -20 to +75 °C
Storage temperature Tstg -55to0 +125 ‘C
Caution: Operating the chip in excess of the absolute maximum rating may result in permanent
damage.
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15.2  DC Characteristics

Tables 15.2 and 15.3 list DC characteristics.

Table 15.2 DC Characteristics (Condition Vo = 5.0V £10%, Ta = -20 to +75° C)

Measurement

Item Symbol Min Typ Max Unit Conditions
Input high- RES, NMI, MD5- Viy Vec—05— Veec+0.3 V  During standby
'e‘;:" MDO Veg—07— Vec+0.3 V. Normal operation
voltage

EXTAL, CKIO Veg=07—— Vgc+03 V

Other input pins 22 — Vee+03 V
Input low- RES, NMI, MD5- V| -0.3 — 05 V' During standby
level MDoO -0.3 — 0.8 VvV Normal operation
voltage -

Other input pins —0.3 — 08 Vv
Input leak RES Hinl — — 10 HA Vin=05toVge-05V
curent  NMI, MD5-MDO — — 10 BA Vin=05toVee—0.5V

Other input pins — — 1.0 PA Vin=05toVcc-05V
3-state leak A26-AQ, D31— gyl — — 1.0 A Vin=05toVgc—-05V
current DO, BS, Cﬁ—
{(while offy CSO0, RD/WR,

RAS, CAS, WES-

WEDO, RD, IVECF
Output All output pins  Vgy Ve~ 05— — V oy =-200 pA
high-level 35 _ V ey =—1mA
voltage ' OH
Output low All output pins VgL — — 04 V  lgp=16mA
level
voltage
Input RES Cin — — 15 pF Vin=0V
capaci- NMI _ — 15 pF f=1MHz
tance Ta=25°C

All other input — — 15 pF

pins (D31-D0)
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Table 15.2 DC Characteristics (Condition Vo =5.0 V £ 10%, Ta = -20 to +75° C) (cont)

Measurement
ltem Symbol Min Typ Max Unit Conditions
Current Ordinary lce — 60 80 mA f=8MHz
consump- operation _ 80 100 mA f=16 MHz
fion — 110 160 mA =287 MHz

Sleep — 30 55 mA f=8MHz
— 50 70 mA f=16 MHz
— 80 100 mA f=28.7 MHz

Standby — 1 15 pA Ta<50°C
— — 60 MA  50°C < Ta

Notes: 1. When no PLL is used, do not release the PLLV¢¢ and PLLVgg pins. Connect PLLV¢

to VCC and PLLVSS to VSS'

2. Current consumption values shown are the values at which all output pins are without

load under conditions of Vig min =Vec - 0.5V, VL max=0.5 V.

Table 15.3 Permitted Output Current Values (V¢c =5.0V £10%, Ta = 20 to +75°C)

Item Symbol Min Typ Max Unit
Output low-level permissible current (per pin) loL — — 2.0 mA
Output low-level permissible current (total) Y loL — — 80 mA
Output high-level permissible current (per pin)  —lgy — — 2.0 mA
Output high-level permissible current (total) =3 lon — — 25 mA

Caution: To ensure LS| reliability, do not exceed the value for output current given in table 15.3.
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15.3  AC Characteristics

153.1 Clock Timing

Table 154 Clock Timing (V¢ =5.0V +10%, Ta =-20 to +75°C)

Item Symbol Min Max Unit Figures
Operating frequency fop 4 28.7 MHz 1541
Clock cycle time toye 35 143" or ns
25072
Clock high pulse width tcH 81or152 — ns
Clock low pulse width teL 81or152 — ns
Clock rise time tcr — 5 ns
Clock fall time ter — 5 ns
EXTAL clock input frequency fex 4 8 MHz 15.2
EXTAL clock input cycle time tExcye 125 250 ns
EXTAL clock input low level pulse width texy 50 — ns
EXTAL clock input high level pulse width texH 50 — ns
EXTAL clock input rise time texr — 5 ns
EXTAL clock input clock fall time texk — 5 ns
Power-on oscillation settling time tosci 10 — ms 15.3
Software standby oscillation settling time 1 tgsca 10 — ms 15.4
Software standby oscillation settling time 2 tgges 10 — ms 15.5
PLL synchronization settling time tpLL 1 — us 15.6
Notes: 1. With PLL circuit 1 operating.
2. With PLL circuit 1 not used.
« tcyc
CKIO
(input) 1/2 Ve

Figure 15.1 CKIO Input Timing
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Note: External clock input from EXTAL pin.

Figure 15.2 EXTAL Clock Input Timing
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Note: Oscillation settling time when on-chip clock pulse generator is used.

Figure 15.3 Oscillation Settling Time at Power-On
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Standby

period Oscillation settling time
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CKIQ, i
internal
clock
tRESW
P toscz
RES \ (.
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Note: Oscillation settling time when on-chip clock pulse generator is used.

Figure 15.4 Oscillation Settling Timing at Standby Return (via RES)
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—_ » »>
CKIO, g
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clock
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e~

Note: Oscillation settling time when on-chip clock pulse generator is used.

Figure 15.5 Oscillation Settling Timing at Standby Return (via NMI)
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Figure 15.6 PLL Synchronization Settling Timing
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15.3.2  Control Signal Timing

Table 15.5 Control Signal (Ve =5.0V £10%, Ta = -20 to +75°C)

Item Symbol Min Max Unit Figure

RESrise, fall tresr, — 200 ns 157
tRESK

RES pulse width tresw 20 — teye

NMI reset setup time tnmirs  teyc+ 10 — ns

NMLI reset hold time tnmign fcye+ 10 — ns

NMI rise, fall tamir tnmi— 200 ns

NMI minimum pulse width traes 3 — teye

RES setup time” tress 30 — ns 15.8,

NM! setup time” tamis 30 — ns 199

TRL3-IRLOsetup time” tirLs 30 — ns

RES hold time trResy 10 — ns 1538,

NMI hold time taun 10 — ns 199

IRL3-IRLOhoid time tiaLH 10 — ns

BRLS setup time 1 (PLL on) teigsy  1/2tcyc+9 — ns 15.10

BRLS hold time 1 (PLL on) telsn1  9-12tcyc — ns

BGR delay time 1 (PLL on) tsgrD1 — 1/2 tcyc+18 ns

BRLS setup time 1 (PLL on, 1/4 cycle delay) tglsgy 14 tcyc+9 — ns 15.10

BRLS hold time 1 (PLL on, 1/4 cycle delay) tglsn  9-Vdtcyc — ns

BGR delay time 1 (PLL on, 1/4 cycle delay) tegrD1 — 3/4 tcyc+18 ns

BRLS setup time 2 (PLL off) tarssy 9 — ns 15.11

BRLS hold time 2 (PLL off) tetsHz 19 — ns

BGR delay time 2 (PLL off) tegrRD2 — 28 ns

Note The RES, NMI, and IRL3-

IRLO signals are asynchronous inputs, but when the setup times

shown here are provided, the signals are considered to have produced changes at clock
fall. If the setup times are not provided, recognition is delayed until the next clock fall.
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Table 15.5 Control Signal Timing (Vo =5.0 V £ 10%, Ta = -20 to +75°C)(cont)

item Symbol Min Max Unit Figure
BREQ delay time 1 (PLL on) terapt  — 1/2tcyc+18 ns 1512
BACK setup time 1 (PLL on) teakst  1/2tcyc+9 — ns
BACK hold time 1 (PLL on) tgakny  9-12tcyc — ns
BREQdelay time 1 (PLL on, 1/4 cycle delay) terapt — 3/4tcyc+18 ns  15.12
BACK setup time 1 (PLL on, 1/4 cycle delay) teaksy  1/4tcyc+9 — ns
BACK hold time 1 (PLL on, 1/4 cycle delay) teakHi 9-1/4tcye — ns
BREQdelay time 2 (PLL off) tsrapz  — 28 ns 15.13
BACK setup time 2 (PLL off) teaksz 9 _ ns
BACK hold time 2 (PLL off) teakne 19 — ns
Bus tri-state delay time 1 (PLL on) teorrr O 25 ns 15.10,
Bus buffer on time 1 (PLL on) teont 0 18 ns 1512
Bus tri-state delay time 1 (PLL on, 1/4 cycle delay) tgorry 1/4tcyc  1/4tcyc+25 ns  15.10,
Bus buffer on time 1 (PLL on, 1/4 cycle delay) tson1 t/4tcyc  1/4tcyc+18 ns 15.12
Bus tri-state delay time 1 (PLL off) teorrr O 30 ns 15.11,
Bus buffer on time 1 (PLL off) teon1 0] 25 ns 1913
Bus tri-state delay time 2 (PLL on}) tgorrz  1W2tcyc 1/2tcyc+25 ns  15.10,
Bus buffer on time 2 (PLL on) teone 1/2tcyc  1/2tcyc+18 ns 15.12
Bus tri-state delay time 2 (PLL on, 1/4 cycle delay) tgorrs 3/d4tcyc  3/dtcyc+25 ns  15.10,
Bus buffer on time 2 (PLL on, 1/4 cycle delay) teone 3/4tcyc  3/4tcyc+18 ns 15.12
Bus tri-state delay time 3 (PLL off) teorrs O 30 ns 15.11,
Bus buffer on time 3 (PLL off) tsons 0 25 ns 1513
 JRES! GJIRES
AES " Vin
«
tRESW p tNMIRH -
5 . —
NMI "
« ViL

Figure 15.7 Reset Input Timing
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<rEsH =1< tRESS
— Vin
RES
Vi
< NMIH tnmis
NMI >¢
- tRtn . tRls
RL3-IRLO >¢
Figure 15.8 Interrupt Signal Input Timing (With PLL1 Off)
1/2 teye Or 3/4 ey 1/2 toye or 3/4 toye
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ViL
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Figure 15.9 Interrupt Signal Input Timing (With PLL1 On)
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CKIO A\ A AN N AT SNE A
tBLSH1 toissi tBLSH1lery tg) s51
BRLS l(
(input) 55 i 85
BGRD1 tBGRD
BGR 45 I
(output) g5
RD, RD/WR, o Jﬂzﬂf_; tsonz
RAS, CAS, 7 S ——E
CSn, WEn, 44 / / t taONT
BS, IVECF BOFF1 N
A26 to AD 55 ~ 3 —

Figure 15.10 Bus Release Timing (Master Mode With PLL1 On)

CKIO ~— DY_/_\_} Ué_\_
BRLtSBLSHz tLss2
(input) 5 <
BG—R SEBGRDZ %K tBGRDZ A-J[—
(output) %
RD, RD/WR, > [BOFF3 BON3
RS, CAS AR AN
gg I\‘/AIIEECF i LBOFF tson1
I g
A26 to A0 ” = 5 l;
D31-D0 55 4 N

Figure 15.11 Bus Release Timing (Master Mode With PLL1 Off)
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CSn, WEn,
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Figure 15.12 Bus Release Timing (Slave Mode, With PLL1 On)
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Figure 15.13 Bus Release Timing (Slave Mode, With PLL1 Off)
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15.3.3 Bus Timing

Table 15.6 Bus Timing With PLL On [mode 0, 4] (Condition: Voo =5.0 V £10%, Ta = -20

to +75°C)

ltem Symbol Min Max Unit Figures

Address delay time tap 3 18 ns 15.14, 15.20, 15.40,
15.52, 15.66, 15.68

BS delay time tasp — 21 ns 15.14, 15.20, 15.40,
15.562, 15.66

CSdelay time 1 tcspi — 21 ns  15.14, 15.20, 15.40,
15.52, 15.66

CSdelay time 2 tcspe — 1/2tcyc+21 ns  15.14, 15.66

Read write delay time trwD 3 18 ns 15.14, 15.20, 15.40,
15.52, 15.66

Read strobe delay time 1 trsD1 — 1/2tcyc + 16 ns 15.14, 15.40, 15.52,
15.66, 15.68

Read data setup time 1 trRDs1 12tcyc+10 — ns 15.14, 15.40, 15.562,
15.66, 15.68

Read data setup time 3 trDsa 1/2tcyc+8 — ns 15.20

(SDRAM)

Read data hold time 2 tRDH2 — ns 15.14, 15.66

Read data hold time 4 tROH4 — ns 15.20

(SDRAM)

Read data hold time & tRDHS 0 — ns 156.40

(DRAM)

Read data hold time 6 tRDHE 0] — ns 15.52

(PSRAM)

Read data hold time 7 trRDH7 0 — ns 15.68

(interrupt vector)

Write enable delay time twep1 1/2tcyc+3 1/2tcyc+18 ns 15.14, 15.15, 15.52,
15.53

Write data delay time 1 twop 3 18 ns 15.15, 15.27, 15.41,
15.53 ,

Write data hold time 1 twDH1 3 — ns 15.15, 15.27, 15.41,
15.53

Data buffer on time tbon — 18 ns 15.15, 15.27, 15.41,
15.63

Data buffer off time tbor — 18 ns 15.15, 15.27, 16.41,
15.53
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Table 15.6 Bus Timing With PLL On [mode 0, 4] (Condition: V¢ = 5.0 V £10%, Ta = -20

to +75°C) (cont)

ltem Symbol  Min Max Unit Figures

DACK delay time 1 tbacpi — 18 ns  15.14, 15.20,
15.40, 15.52,
15.66

DACK delay time 2 tpacD2 — 1/2tcyc+18 ns  15.14,15.20,
15.40, 15.52,
15.66

WAITsetup time twTs 20 — ns 15.19, 15.43,
15.55, 15.66,
15.70

WAIThold time twTH 5 — ns 15.19, 15.43,
15.55, 15.66,
15.70

RAS delay time 1 (SDRAM)  traspi —_ 18 ~ns 15.20

RAS delay time 2 (DRAM) trASD2 12tcyc+3 12tcyc+18 ns  15.40

CAS delay time 1 (SDRAM)  tcaspy — 18 ns 1520

CAS delay time 2 (DRAM) tcaspz 1/2tcyc+3 12tcyc+18 ns 1540

DQM delay time tbamp —_ 18 ns 15.20

CKE delay time tckep — 21 ns 1537

CE delay time 1 teens 1/2tcyc +3 1/2tcyc+18 ns 1552

OE delay time 1 toep1 — 1/2tcyc+18 ns 1552

IVECF delay time tivp — 18 ns 15.68

Address input setup time tasiN 14 — ns 1571

Address input hold time tAHIN 3 — ns 15.71

BS input setup time tass 15 — ns 15.71

BS input hold time tasH 3 — ns 1571

Read write input setup time trws 15 — ns 15671

Read write input hold time tRwH 3 — ns 15.71

Address hoid time 1 tAH1 5 — ns 15.15
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Table 15.7 Bus Timing With PLL On and 1/4 Cycle Delay [mode 1, 5] (Condition: V¢ =
5.0V £10%, Ta = -20 to +75°C)

Item Symbol  Min Max Unit Figures

Address delay time tap 1/4tcyc+3 1/4tcyc+18 ns  15.14, 15.20, 15.40,
15.52, 15.66, 15.68

BS delay time tesp — 1/4tcyc + 21 ns 15.14, 15.20, 15.40,
15.52, 15.66

CSdelay time 1 tespl — 1/4tcyc+ 21 ns 15,14, 15.20, 15.40,
15.52, 15.66

CSdelay time 2 tesp2 — 3/4tcyc+21 ns  15.14, 15.66

Read write delay time trwp 1/4tcyc+3 1/d4tcyc+ 18 ns 15.14, 15.20, 15.40,
15.52, 15.66

Read strobe delay time 1 tRsD1 — 3/4tcyc + 16 ns 15.14, 15.40, 15.52,
15.66, 15.68

Read data setup time 1 tRDSY 1/4tcyc + 10 — ns 15.14, 15.40, 15.52,
15.66, 15.68

Read data setup time 3 trRos3 14tcyc+8 — ns  15.20

(SDRAM)

Read data hold time 2 tROH2 0 — ns 156.14, 15.66

Read data hold time 4 tRDH4 — ns 15.20

(SDRAM)

Read data hold time 5 trDHs 0] — ns 15.40

{DRAM)

Read data hold time 6 trRDHS 0 — ns 15.52

(PSRAM)

Read data hold time 7 troH7 0 —_ ns 15.68

(interrupt vector)

Write enable delay time twED1 3/4tcyc+3 3/4tcyc+ 18 ns 15.14, 15.15, 15.52,
15.53

Write data delay time 1 twoDp 1/4tcyc +3 1/4tcyc+ 18 ns 15.15, 15.27, 15.41,
15.53

Write data hold time 1 twoH1 1/4tcyc+3 — ns 15.15, 15.27, 15.41,
15.53

Data buffer on time toon — 1/4 tcyc + 18 ns 15.15, 15.27, 15.41,
15.53

Data buffer off time toor — 1/4tcyc + 18 ns 16.15, 156.27, 15.41,
15.53
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Table 15.7 Bus Timing With PLL On and 1/4 Cycle Delay [mode 1, 5] (Condition: V¢c =
5.0V £10%, Ta = -20 to +75°C) (cont)

Item Symbol  Min Max Unit Figures

DACK delay time 1 toacn1 — 1/4tcyc+18 ns  15.14, 15.20, 15.40,
15.52, 15.66

DACK delay time 2 tpacp2 — 3/dtcyc+18 ns  15.14, 15.20, 15.40,
156.52, 15.66

WAIT setup time twTs 20— 1/4 tcyc — ns 15.19, 15.43, 15.55,
15.66, 15.70

WAIThold time twTH tldteyc +5 — ns  15.19, 15.43, 1555,
15.66, 15.70

RAS delay time 1 (SDRAM) tgasp1 — 1/4tcyc + 18 ns 15.20

RAS delay time 2 (DRAM)  trasp2 3/4tcyc+3 3/4tcyc+18 ns 1540

CAS delay time 1 (SDRAM) tcaspy — 1/4tcyc+18 ns 1520

CAS delay time 2 (DRAM)  tcasp2 3/4tcyc+3 3/4tcyc+18 ns 1540

DQM delay time toomp — 1/4tcyc+18 ns 1520

CKE delay time teken — i/4tcyc+21 ns 1537

CE delay time 1 tceDd 3/4tcyc+3 3/d4tecyc+18 ns 1552

OE delay time 1 toeps — 3/4tcyc+18 ns 1552

IVECF delay time tivo — 1/4tcyc+18 ns 1568

Address input setup time  tagy 14 - 1/4 tcye — ns 15.71

Address input hold time tAHIN 1/4tcyc +3 — ns 1571

BS input setup time tess 15 - 1/4 toyc — ns 15.71

BS input hold time tasH 1/4tcyc +3 — ns 15.71

Read write input setup time tpws 15 - 1/4 tcye — ns 15.71

Read write input hold time  tpwy 1/4tcyc +3 — ns 1571

Address hold time 1 tAH1 5 — ns 15.15
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Table 15.8 Bus Timing With PLL Off (CKIO input) [mode 6] (Condition: Vcc =5.0 V

+10%, Ta =-20 to +75°C)

item Symbol  Min Max Unit Figures

Address delay time taD 13 28 ns  15.16, 15.38, 15.47,
15.60, 15.67, 15.69

BS delay time tssp —_ 30 ns  15.16, 15.38, 15.47,
15.60, 15.67

CS delay time 1 tcspl — 30 ns 15.16, 15.38, 15.47,
15.60, 15.67

CS delay time 3 tosps — 28 ns 15.16, 15.67

Read write delay time trwD 13 28 ns 15.16, 15.38, 15.47,
15.60, 15.67

Read strobe delay time 2 trgp2 — 26 ns 15.16, 15.47, 15.60,
15.67, 15.69

Read data setup time 2 tros2 10 — ns 15.16, 15.38, 15.47,
15.60, 15.67, 15.69

Read data hold time 2 tRoH2 0 — ns 15.16, 15.67

Read data hold time 3 tROH3 15 — ns 15.38

Read data hold time 5 tRDHS 0 — ns 16.47

(DRAM)

Read data hold time 6 trRDHS 0 — ns 15.60

(PSRAM)

Read data hold time 7 trDH7 0 — ns 15.69

(interrupt vector)

Write enable delay time 2 tweps 10 25 ns 15.17, 15.61

Write data delay time twpp 10 25 ns 15.17, 15.39, 15.48,
15.61

Write data hold time 1 twbH1 3 ns 15.17, 15.39, 15.48,
15.61

Write data hold time 2 twoH2 5 ns 15.17

Write data hold time 3 twoH3 ns 15.61

DACK delay time 1 tpacD1 — 25 ns 15.16, 15.38, 15.47,
15.60, 15.67

DACK delay time 3 toacoa — 25 ns 15.16, 15.38, 15.47,
15.60, 15.67
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Table 15.8 Bus Timing With PLL Off (CKIO input) [mode 6] (Condition: Voc =50V
+10%, Ta = =20 to +75°C) (cont)

ltem Symbol  Min Max Unit Figures

WAITsetup time twrs 20 — ns 15.19, 15.43, 1555, 15.67, 15.70
WAIThold time twrH 15 — ns 1519, 15.43, 15.55, 15.67, 15.70
RAS delay time 1 (SDRAM)  tgasps — 25 ns 1538

RAS delay time 3 (DRAM) tRASD3 10 25 ns 1547

CASdelay time 1 (SDRAM)  tcaspi — 25 ns 1538

CAS delay time 3 (DRAM) tcasps 10 25 ns 1547

DQM delay time toomp — 25 ns 1538

CKE delay time tekep — 25 ns 1537

CE delay time 2 tceDz 10 25 ns 1560

OE delay time 2 toED2 — 25 ns 15.60

IVECF delay time tvp — 25 ns 15.69

WE setup time twEs1 0 — ns 1516

Address setup time 1 tasy 0 — ns 15.17

Address setup time 2 tase 3 — ns 15.60

Address hold time 2 tAH2 o] — ns 1517

Row address setup time tasr 3 — ns 15.47

Column address setup time tasc 3 — ns 1547

Write command setup time twes 3 — ns 1548

Write data setup time twps 3 — ns 15.48

Address input setup time’ tasin 15 ~— ns 1571

Address input hold time” tAHIN 10 — ns 1571

BSinput setup time” tess 15 — ns 1571

BSinput hold time” tesH 10 — ns 1571

Read write input setup time™  tpws 15 — ns 1571

Read write input hold time’ trwH 10 — ns 1571

Data buffer on time toon — 25 ns 15.17, 15.39, 15.48, 15.61
Data buffer off time tooF — 25 ns 15.17, 15.39, 15.48, 15.61

Note: When the external addresses monitor function is used, the PLL must be on.
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Table 15.9 Bus Timing With PLL Off (CKIO output) [mode 2] (Condition: Voc =5.0V

+10%, Ta =20 to +75°C)

Item Symbol  Min Max Unit Figures

Address delay time tap 3 18 ns 15.16, 15.38, 15.47,
15.60, 15.67, 15.69

BS delay time tesp —_ 21 ns 15.16, 15.38, 15.47,
15.60, 15.67

CS delay time 1 tcspl — 21 ns 15.16, 15.38, 15.47,
15.60, 15.67

CS delay time 3 tcspa — 21 ns 15.16, 15.67

Read write delay time trwD 3 18 ns 15.16, 15.38, 15.47,
15.60, 15.67

Read strobe delaytime 2 trgps — 16 ns 15.16, 15.47, 15.60,
15.67, 15.69

Read data setup time 2 trps? 12 — ns 15.16, 15.38, 15.47,
15.60, 15.67, 15.69

Read data hold time 2 troH2 0 — ns 15.16, 15.67

Read data hoid time 3 trRoOH3 1/2 tcyc — ns 15.38

(SDRAM)

Read data hold time 5 trRDHS5 0 — ns  15.47

(DRAM)

Read data hold time 6 trDHs 0 — ns 15.60

(PSRAM)

Read data hold time 7 trRDH7 0 — ns 15.69

(interrupt vector)

Write enable delay time 2 tyweps 18 ns 15.17, 15.61

Write data delay time twob 18 ns 15.17, 15.39, 15.48,
15.61

Write data hold time 1 twoH1 3 — ns 15.17, 15.39, 15.48,
15.61

Write data hold time 2 twoH2 5 — ns 15.17

Write data hold time 3 twoH3 — ns 15.61

DACK delay time 1 tbacD1 — 18 ns 15.16, 15.38, 15.47,
15.60, 15.67

DACK delay time 3 tpacDa — 18 ns 15.16, 15.38, 15.47,
15.60, 15.67
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Table 15.9 Bus Timing With PLL Off (CKIO output) [mode 2]} (Condition: Vo =5.0V
+10%, Ta = -20 to +75°C) (cont)

Item Symbol  Min Max Unit Figures

WAIT setup time twrs 22 — ns  15.19, 15.43, 15.55,
15.67, 15.70

WAIT hold time twTH 5 — ns 15.19, 15.43, 15.55,
15.67, 15.70

RAS delay time 1 (SDRAM)  tgasp1 — 18 ns 15.38

RAS delay time 3 (DRAM)  tgaspa 3 18 ns 1547

CAS delay time 1 (SDRAM)  tcagps — 18 ns 15.38

CAS delay time 3 (DRAM)  tcasps 3 18 ns 1547

DQM delay time toamp — 18 ns 1538

CKE delay time tckeo — 21 ns 1537

CE delay time 2 tcepz 3 18 ns 15.60

OE delay time 2 toep2 — 18 ns  15.60

IVECF delay time tivp — 18 ns 15.69

Address input setup time* tasin 14 — ns 15.71

Address input hold time” tAHIN 3 — ns  15.71

BS input setup time” tess 15 — ns 1571

BS input hold time* tesH 3 — ns 15.71

Read write input setup time*  trws 15 — ns 15.71

Read write input hold time™  tgwh 3 — ns 15.71

Data buffer on time toon — 18 ns 15.17, 15.39, 15.48,
15.61

Data buffer off time toor — 18 ns 15.17, 15.39, 15.48,
15.61

Address hold time 2 taH2 5 — ns 15.17

Note: When the external addresses monitor function is used, the PLL must be on.
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CE
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Notes: 1. Dotted lines indicate a synchronous DRAM is connected.
2. tppHe is defined by the faster of CSn and RD.
3. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.14 Basic Read Cycle (No Waits, PLL On)
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Notes: 1.
2.

specified.

Dotted lines indicate a synchronous DRAM is connected.
The DACKn waveform shown is for the case where active high has been

Figure 15.15 Basic Write Cycle (No Waits, PLL On)
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tap

tRsD2 taspz

CKE

Notes: 1. Dotted lines indicate a synchronous DRAM is connected.
2. trpno is defined by the faster of CSn and RD.
3. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.16 Basic Read Cycle (No Waits, PLL Off)
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Notes: 1. Dotted lines indicate a synchronous DRAM is connected.
The DACKn waveform shown is for the case where active high has been specified.

Figure 15.17 Basic Write Cycle (No Waits, PLL Off)
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Notes: 1. Dotted lines indicate a synchronous DRAM is connected.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.18 Basic Bus Cycle (1 Wait Cycle)

405
HITACHI

I 4496204 0054365 338 M




CKIO

A26—-A0

WEn,
CASxx,
DQMxx

D31-D0O

LN
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WAIT
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Notes: 1. Dotted lines indicate a synchronous DRAM is connected.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.19 Basic Bus Cycle (External Wait Input)
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CKE

Notes: 1. Dotted lines indicate a synchronous DRAM in another CS space is connected.
2.  The DACKn waveform shown is for the case where active high has been specified.

Figure 15.20 Synchronous DRAM Read Bus Cycle (RCD = 1 Cycle, CAS Latency = 1 Cycle,
Bursts = 4, PLL On)
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Note: Dotted lines indicate a synchronous DRAM in another CS space is connected.

Figure 15.21 Synchronous DRAM Single Read Bus Cycle (RCD =1 Cycle, CAS Latency = 1
Cycle, Bursts =4, PLL On)
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Notes: 1. Dotted lines indicate a synchronous DRAM in another CS space is connected.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.22 Synchronous DRAM Read Bus Cycle (RCD = 2 Cycle, CAS Latency = 2 Cycle,
Bursts =4)
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Note:

The DACKn waveform shown is for the case where active high has been specified.

Figure 15.23 Synchronous DRAM Read Bus Cycle (Bank Active Same Row Access, CAS
Latency =1 Cycle)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.24 Synchronous DRAM Read Bus Cycle (Bank Active, Same Row Access, CAS
Latency = 2 Cycle)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.25 Synchronous DRAM Read Bus Cycle (Bank Active, Different Row Access
TRP =1 Cycle, RCD =1 Cycle, CAS Latency = 1 Cycle)
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Note: The DACKn waveform shown is for the case where active high has been specified.

S—i

Figure 15.26 Synchronous DRAM Read Bus Cycle (Bank Active, Different Row Access
TRP = 2 Cycles, RCD =1 Cycle, CAS Latency = 1 Cycle)
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Notes: 1. Dotted lines indicate a synchronous DRAM in another CS space is accessed.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.27 Synchronous DRAM Write Bus Cycle (RCD = 1 Cycle, TRWL =1 Cycle, PLL
On)
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Notes: 1. Dotted lines indicate a synchronous DRAM in another CS space is accessed.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.28 Synchronous DRAM Write Bus Cycle (RCD = 2 Cycles, TRWL = 2 Cycles)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.29 Synchronous DRAM Write Bus Cycle (Bank Active, Same Row Access)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.30 Synchronous DRAM Consecutive Write Cycle (Bank Active, Same Row
Access)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.31 Synchronous DRAM Write Bus Cycle (Bank Active, Different Row Access,
TRP =1 Cycle, RCD =1 Cycle)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.32 Synchronous DRAM Write Bus Cycle (Bank Active, Different Row Access,
TRP = 2 Cycles, RCD = 2 Cycles)
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Figure 15.33 Synchronous DRAM Mode Register Write Cycle (TRP =1 Cycle)
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Figure 15.34 Synchronous DRAM Mode Register Write Cycle (TRP = 2 Cycles)
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Note:  Always put in a precharge cycle before the auto-refresh cycle.
The TRP determines how many cycles prior it should be placed.

Figure 15.35 Synchronous DRAM Auto Refresh Cycle (TRAS = 2 Cycles)
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Figure 15.36 Synchronous DRAM Auto-Refresh Cycle (Shown From Precharge Cycle, TRP
=1 Cycle, TRAS = 2 Cycles)
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Note: Always put in a precharge cycle before the self-refresh cycle.
The TRP determines how many cycles prior it should be placed.
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Figure 15.37 Synchronous DRAM Self-Refresh Cycle (TRAS = 2)
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Notes: 1. Dotted lines indicate a synchronous DRAM in another CS space is connected.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.38 Synchronous DRAM Read Bus Cycle (RCD = 1 Cycle, CAS Latency = 1 Cycle,
TRP =1 Cycle, Bursts = 4, PLL = Off)
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Notes: 1. Dotted lines indicate a synchronous DRAM in another CS space is connected.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.39 Synchronous DRAM Write Bus Cycle (RCD =1 Cycle, TRWL = 1 Cycle, PLL
= Off)
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Notes: 1. tgpps is defined by the faster of RD and CASxx rise.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.40 DRAM Read Cycle (TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL = On)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.41 DRAM Write Cycle (TRP =1 Cycle, RCD = 1 Cycle, No Waits, PLL = On)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.42 DRAM Bus Cycle (TRP = 2 Cycles, RCD = 2 Cycles, 1 Wait)
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Note:

The DACKn waveform shown is for the case where active high has been specified.

Figure 15.43 DRAM Bus Cycle (TRP =1 Cycle, RCD = 1 Cycle, External Wait Input)
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Notes: 1. tgpus is defined by the faster of RD and CASxx rise.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.44 DRAM Burst Read Cycle (TRP =1 Cycle, RCD = 1 Cycle, No Waits, PLL On)
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The DACKn waveform shown is for the case where active high has been specified.

Figure 1545 DRAM Burst Write Cycle (TRP =1 Cycle, RCD = 1 Cycle, No Waits, PLL
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Figure 15.46 DRAM CAS-Before-RAS Refresh Cycle (TRP =1 Cycle, TRAS = 2 Cycles,
PLL On)
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Notes: 1. trpps is defined by the faster of RD and CASxx rise.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.47 DRAM Bus Cycle (TRP =1 Cycle, RCD =1 Cycle, No Waits, PLL Off)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.48 DRAM Write Cycle (TRP =1 Cycle, RCD = 1 Cycle, No Waits, PLL Off)
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Notes: 1. tppps is defined by the faster of RD and CASxx rise.
2. The DACKn waveform shown is for the case where active high has been specified.

Figure 15.49 DRAM Burst Read Cycle (TRP = 1 Cycle, RCD = 1 Cycle, No Waits, PLL Off)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.50 DRAM Burst Write Cycle (TRP = 1 Cycle, RCD = 1 Cycle, No Waits, PLL
Off)
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Figure 15.51 DRAM CAS-Before-RAS Refresh Cycle (TRP = 1 Cycle, TRAS = 2 Cycles,
PLL Off)

438
HITACHI

M 4496204 0054398 &4y N




CKIO

Upper
address

tasp tasp

C8n

' lpacoz

Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.52 Pseudo- SRAM Read Cycle (PLL On, TRP =1 Cycles, RCD = 1 Cycle, No
Waits)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.53 Pseudo-SRAM Write Cycle (PLL On, TRP = 1 Cycle, RCD = 1 Cycle, No
Waits)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.54 Pseudo-SRAM Bus Cycle (TRP =2 Cycles, RCD = 2 Cycles, 1 Wait)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.55 Pseudo-SRAM Bus Cycle (TRP = 1 Cycle, RCD = 1 Cycle, External Wait
Input)
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Note: The DACKn waveform shown is for the case where active high has been specified.
Figure 15.56 Pseudo-SRAM Read Cycle (Static Column Mode, PLL On, TRP =1 Cycle, No
Waits)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.57 Pseudo-SRAM Write Cycle (Static Column Mode, PLL On, TRP =1 Cycle,
RCD =1 Cycle, No Waits)
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Cycles)

Figure 15.58 Pseudo-SRAM Auto-Refresh Cycle (PLL On, TRP =1 Cycle, TRAS =2
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Figure 15.59 Pseudo-SRAM Self-Refresh Cycle (PLL On, TRP = 1 Cycle, TRAS = 2 Cycles)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.60 Pseudo-SRAM Read Cycle (PLL Off, TRP = 1 Cycle, RCD =1 Cycle, No
Waits)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.61 Pseudo-SRAM Write Cycle (PLL Off, TRP =1 Cycle, RCD =1 Cycle, No
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.62 Pseudo-SRAM Read Cycle (Static Column Mode, PLL Off, TRP =1 Cycle,
RCD =1 Cycle, No Waits)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.63 Pseudo-SRAM Write Cycle (Static Column Mode, PLL Off, TRP =1 Cycle,
RCD =1 Cycle, No Waits)
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Figure 15.64 Pseudo-SRAM Auto-Refresh Cycle (PLL Off, TRP =1 Cycle, TRAS =2
Cycles)
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Figure 15.65 Pseudo-SRAM Self-Refresh Cycle (PLL Off, TRP =1 Cycle, TRAS = 2 Cycles)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.66 Burst ROM Read Cycle (PLL On, 1 Wait)
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Note: The DACKn waveform shown is for the case where active high has been specified.

Figure 15.67 Burst ROM Read Cycle (PLL Off, 1 Wait)
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Figure 15.68 Interrupt Vector Fetch Cycle (PLL On, No Waits)
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Figure 15.69 Interrupt Vector Fetch Cycle (PLL Off, No Waits)
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Figure 15.70 Interrupt Vector Fetch Cycle (1 External Wait Cycle)
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Figure 15.71 Address Monitor Cycle

1534 DMAC Timing

Table 15.10 DMAC Timing (V¢c = 5.0 V £10%, Ta = -20 to +75°C)

Iltem Symbol Min Max Unit Figure
DREQO, DREQ1 setup time (PLL Off, On) tbras 30 — ns 156.72
DREQO, DREQ1 setup time (PLL On, 1/4 cycle delay) tprgs 30-1/4tcyc — ns
DREQO, DREQ1 hold time (PLL Off, On) toran 15 — ns
DREQO, DREQ1 hold time (PLL On, 1/4 cycle delay) tppgn 1/4tcyc+15 — ns
DREQO, DREQ1 low level width toraw 1.5 — ey
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Figure 15.72 DREQO(, DREQ1 Input Timing

15.3.5 Free-Running Timer Timing

Table 15.11 Free-Running Timer Timing (Voc =5.0 V £10%, Ta =-20 to +75°C)

item Symbol Min Max Unit Figure
Output compare delay time (PLL Off, On}) ttoco — 160 ns 15.73
Output compare delay time (PLL On, 1/4 cycle delay) trocp — 1/4tcyc+ ns
160

Input capture setup time (PLL Off, On) trics 80 —_— ns
Input capture setup time (PLL On, 1/4 cycle delay) trics 80-1/4 — ns

teye
Timer clock input setup time (PLL Off, On) ttcks 80 — ns 15.74
Timer clock input setup time (PLL On, 1/4 cycle delay) ttcxs 80-1/4 — ns

teye
Timer clock pulse width (single edge) trecxwn 45 — teye
Timer clock pulse width (both edges) tyexkw 8.5 — teye
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Figure 15.73 FRT Input/Output Timing
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Figure 15.74 FRT Clock Input Timing

15.3.6 Watchdog Timer Timing

Table 15.12 Watchdog Timer Timing (Ve =5.0 V £10%, Ta =-20 to +75°C)

Item Symbol Min Max Unit Figure
WDTOVF delay time (PLL Off, On) twovp — 70 ns 15.75
WDTOVF delay time (PLL On, 1/4 cycle  twovp — 1/4 tcyc +ns
delay) 70
CKIO \ / \
twovp { twovp
WDTOVF ' 1 « ;

P

Figure 15.75 'Watchdog Timer Output Timing
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15.3.7  Serial Communications Interface Timing

Table 15.13 Serial Communications Interface Timing (Ve =5.0V 210%, Ta=-20to

+75°C)
Item Symbol Min Max Unit Figure
Input clock cycle tseye 16 — teye 15.76
Input clock cycle {clocked synchronization) tseye 24 — toye
Input clock pulse width tsckw 0.4 0.6 tscyc
Transmission data delay time (clocked trxp — 70 ns 15.77
synchronization)
Receive data setup time (clocked synchronization) trxg 70 — ns
Receive data hold time (clocked synchronization) tryn 70 — ns
tsckw
SCKo
J‘scyc

Figure 15.76 Input Clock I/O Timing

tscyc
soo /N /T
-
tTxp
TxD0O
(transmission
data)
RxDO
(reception ><

data)

Figure 15.77 SCI I/O Timing (Clocked Synchronization Mode)
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15.3.8 AC Characteristics Measurement Conditions

o 1/O signal reference level: 1.5V
o Input pulse level: Vgg — 3.0 V (where RES, NMI, CKIO and MD5-MDO are within Vgg —

Vo)
e Inputrise and fall times: 1 ns

loL
LS!
output DUT output
pin
l CL VRer
lon

Notes: 1. C_is a total value that includes capacitance of measurement instruments and the
like and is set as follows for each pin.
2. 30 pF: CKIO, RAS, CAS, CKE, CS0-CS3, BREQ, BACK, DACKO, DACK1, IVECF,
CKPACK.
3. 50 pF: All output pins other than the above.
4. lgand lgy values are as shown in section 15.2, DC Characteristics, and table
15.3, Permitted Output Current Values.

Figure 15.78 Output Load Circuit
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