Section 20 Electrical Characteristics

20.1  Absolute Maximum Ratings

Table 20.1 Absolute Maximum Ratings

Item Symbol  Rating Unit
Power supply voltage Vee -0.3t0 +7.0 Vv
Program voltage Vpp -0.3to +13.5 Vv
Input voltage (except port C) Vin —0.3to Vg + 0.3 A
Input voltage (port C) Vin -0.3t0 AV + 0.3 Vv
Analog power supply voltage AVce —0.3t0+7.0 \
Analog reference voltage AV, o -0.3to AVee + 0.3 \
Analog input voltage Van —0.3to AVie + 0.3 \
Operating temperature Topr —20 to +75* ‘C
Storage temperature Tstg -55 to +125 ‘C

Caution: Operating the LS| in excess of the absolute maximum rating may result in permanent

damage.

Note: Normal Products: Topr = —40 to +85°C for wide-temperature range products
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20.2 DC Characteristics
Table 20.2 lists DC characteristics. Table 20.3 lists the permissible output current values.
Usage Conditions:

* Do not release AV, AVerand AVgg when the A/D converter is not in use. Connect AV ¢
and AV sto Ve and AVgg to Vs,

* The current consumption value is measured under conditions of Vg min = Ve - 0.5 V and
Vi max = 0.5 V with no load on any output pin and the on-chip pull-up MOS off.

* Even when the A/D converter is not used or is stand-by, connect AV to AVes the power
voltage(Vce).

Table 20.2 DC Characteristics (1)

Conditions: Ve = 5.0 V +10%, AV = 5.0 V £10%, AVae = Voo 210%, AV g = 4.5 V to
AV, Vss = AVgg =0V, ¢ =20 MHz, Ta = -20 to +75°C*)

Normal Products: Ta = -40 to +85°C for wide-temperature range products.

Measurement

Item Symbol Min Typ Max Unit Conditions
Input high- RES, NMI, MD2-MDOV Vee—07— Vee+03 V
level

EXTAL Veex0.7— V, 03 V
voltage ce cct

Port C 2.2 —_— AVCC +03V

Other input pins 2.2 — Vec+03 V
Input low- RES, NMI, MD2-MDOV,_ -0.3 — 05 \
level Other input pins -0.3 — 08 Vv
voltage
Schmidt PA13-PA10, PA2, V+ 4.0 —_—— v
trigger PAO, PB7—
Input PBO VT- — —_— 1.0 Vv
voltage

VT+_VT_ 04 _— - \'

Input leak RES [linl —_ — 1.0 PA Vin=05t0Vec—-05V
current  NMI, MD2-MDO — — 1.0 BA Vin=05to Vec—05V

Port C — — 10 MA Vin=0.5t0 AVec—-05V
3-state  Ports A and B, CS3- ll1g)l —_ — 1.0 A Vin=05toVpoc-05V
leak CS0, A21-A0, AD15—
current  ADO
(while off)
Input pull- PA3 —lp 20 — 300 pA  Vin=0V
up MOS
current
Output  All output pins Vou Vee-05— — V  lon=-200pA
high-level . __ -
voltage 3.5 \' IOH 1 mA
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Table 20.2

DC Characteristics (2)

Conditions: VCC =5.0V £10%, AVCC =50V +10%, AVCC = VCC +10%, Avref =45Vt
AVcc, Vss = AVss = 0V, ¢ = 20 MHz, Ta = —20 to +75°C*)

Normal Products: Ta = -40 to +85°C for wide-temperature range products.

Measurement
Item Symbol Min Typ Max Unit Conditions
Output low level All output pins Vg - — 04 Vv lo=1.6mA
voltage — - 12 V. lo =8mA
Input capacitance RES Cin - — 30 pF  Vin=0V
NMI — — 30 pF f=1MHz
Ta=25°C
All other input — — 20 pF
pins
Current consumption  Ordinary lce — 60 90 mA f=125MHz
operation — 80 110 mA f=16.6 MHz
— 100 130 mA {=20MHz
Sleep — 40 70 mA f=125MHz
— 50 80 mA f=16.6 MHz
— 60 90 mA f=20MHz
Standby — 0.01 5" MA  Ta<50°C
— — 2007 pA  B0°C < Ta
Analog power supply  During A/D Aleg — 10 2 mA
current conversion
While A/D — 0015 pA
converter is
waiting
Reference power During A/D Al o — 05 1 mA AVx=50V
supply current conversion
While A/D — 0015 pA
converter is
waiting
RAM stand-by voltage Veay 20 — — Vv
Notes: 1. 50 uA for the SH7032.
2. 300 pA for the SH7032.
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Table 20.2 DC Characteristics (3)

Conditions: VCC =50V £10%, AVCC =5.0V x10%, AVCC = VCC +10%, AVref =45Vto
AV, Vgs = AVgg =0V, ¢ = 16.6 MHz, Ta = —20 to +75°C*)

Normal Products: Ta = 40 to +85°C for wide-temperature range products.

Measurement
Item Symbol Min Typ Max Unit Conditions
Input high-  RES, NMI, MD2-MDO V|4 Vee=07 — Vee+03 V
level voltage py7al Veex07 — Vec+03 V
Port C 22 — AVgc+03V
Other input pins 22 — Vge+03 V
Input low-  RES, NMI, MD2-MDO V. -0.3 — 0.5 \
level voltage
Other input pins -0.3 — 0.8 Y
Schmidt PA13-10, PA2, Vit 4.0 - — Vv
trigger input PAQ, PB7-PBO = _ —_ 1 v
voltage
V-V~ 0.4 - - \
Input leak ES llinl — — 1.0 A Vin=0.5to Ve
current -05V
NMI, MD2-MD0 — — 10 MA  Vin=0.5t0 Vee
-05V
Port C — — 1.0 pA  Vin=05to
AVge-0.5V
3-state leak Ports A and B, CS3- llyg — — 1.0 pA  Vin=0.5to Voo
current (while CS0, A21-A0Q, AD15~ -05V
off) ADO
Input pull-up PA3 —lp 20 — 300 pA  Vin=0V
MOS current
Output high- All output pins Vou Veg-05 — — \ log = —200 pA
level voltage 35 - v loy = =1 MA
Output low  All output pins VoL — — 04 | loo=1.6mA
level voltage _ — 12 v loL =8 MA
468 HITACHI

M 449204 0055046 2D IE




Table 20.2 DC Characteristics (4)

Conditions: Vee = 5.0 V £10%, AVee =50V £10%, AVee =Veoe £10%, AVs=4.5V to
AVce, Vgs = AVgs = 0V, ¢ = 16.6 MHz, Ta = —20 to +75°C*)

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

Measurement
Item Symbol Min Typ Max Unit Conditions
Input RES Cin - — 30 pF  Vin=0V
capacitance . — 30 pF f=1MHz
Ta=25°C
All other input — — 20 pF
pins
Current Ordinary lec — 60 90 mA =125 MHz
consumption operation
— 80 110 mA f=16.6 MHz
Sleep — 40 70 mA f=12.5MHz
— 50 80 mA f=16.6 MHz
Standby — 0.01 5" pA  Ta<50°C
—_ —  20.0" MA  50°C <Ta
Analog During A/D Alge —_ 1.0 2.0 mA
power conversion
supply While AD — 001 5 HA
current converter is
waiting
Reference During A/D Alce — 05 1 mA  AV,4=50V
power supply conversion
current While AID — 001 5 pA
converter is
waiting
RAM voltage VRaM 2.0 - - \'
stand-by
Notes: 1. 50 pA for the SH7032.
2. 300 pA for the SH7032.
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Table 20.2 DC Characteristics (5)

Conditions: Vcc=3.0V 1055V, AVec=3.0t05.5V, AVee = Vee 210%, AVer=3.0 V to

AV, Vss = AVsg =0V, ¢ = 12.5 MHz, Ta = —20 to +75°C*)

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

Measurement
Item Symbol Min Typ Max Unit Conditions
Input high-  RES, NMI, MD2-MDO V4 Veex09 — Vee+03 V
level voltage gy Veex07 — Vee+03 V
Port C VCC x07 — AVCC +03V
Other input pins Veex07 — Vee+03 V
Input low- RES, NMI, MD2-MDO V. -0.3 — Vgex01 V
level voltage  oyher input pins -0.3 — Veex02 V
Schmidt PA13-10, PA2, PAO, Vy*+ Voex09 — — \
trigger input PB7-PB0O
voltage Vi© — — Vgex02 V
Vit=V1~ Ve x0.07 — — Y
Input leak RES lin —_ — 1.0 MA  Vin=0.5t%0 Ve
current -05V
NMI, MD2-MDO — — 1.0 BA  Vin=0.5t0 V¢
-05V
Port C — — 1.0 HA Vin=05to
AVee-05V
3-state leak Ports A and B, CS3— Il¢gl —_ — 1.0 MA  Vin=0.5to V¢
current (while CS0, A21-AQ, AD15— -05V
off) ADO
Input pull-up PA3 -lp 20 — 300 pA  Vin=0V
MOS current
Output high-  All output pins VoH Vee-05 — — A lon =—200 pnA
level VOltage VCC 10 — — \Y; IOH =—1mA
Output low  All output pins Voo — — 04 V. log.=16mA
level voltage
— — 1.2 V  lg.=8mA
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Table 20.2 DC Characteristics (6)

Conditions: Vee=3.0 V1055V, AVcc=3.010 5.5V, AVcc = Voc £10%, AVier=3.0 V to
AVce, Vss = AVgs = 0V, ¢ = 12.5 MHz, Ta = 20 to +75°C*)

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

Measurement
Item Symbol Min Typ Max Unit Conditions
Input RES Cin — —_ 30 pF Vin=0V
capacitance NMI — — 30 pF  f=1MHz
All other input — — 20 pF Ta=25C
pins
Current Ordinary lce — 60 90 mA f=125MHz
consumption operation
Sleep — 40 70 mA f=125MHz
Standby — 0.01 51 pA  Ta<50°C
— — 2002 pA 50°C<Ta
Analog power During A/D Alcc — 05 15 mA  AVee=3.0V
supply current  conversion
— 1.0 20 mA  AVee=5.0V
While A/D — 0.01 5.0 pA
converter is
waiting
Reference power During A/D Al — 04 08 mA  AV;=30V
supply current conversion
— 05 1 mA  AV4=50V
While A/D — 0.01 5.0 pA
converter is
waiting
RAM stand-by  voltage VRam 2.0 - - \

Notes: 1. 50 pA for the SH7032.
2. 300 pA for the SH7032.
3. lcc depends on Ve and f as follows.

lcc max. = 1.0 (mA) + 1.29 (MA/MHz - V) x V¢ X f [ordinary operation)

Icc max. = 1.0 (mA) + 1.00 (mMA/MHz - V) x Ve x f [sleep]
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Table 20.3 Permitted Output Current Values

Case A: Vcc=3.0t1055V,AVcc=3.0t055V, AVce = Voo 210%, AVer=3.0 Vo AVee,
Vgs =AVgg =0V, Ta=-20to +75°C*)

Case B: Ve = 5.0 V£10%, AVe= 5.0 V £10%, AVee = Vee £10%, AVies = 4.5 V 1o AVeg,
Vss=AVgg =0V, Ta=-20to +75°C*)

Normal Products: Ta =—40 to +85°C for wide-temperature range products.

Case A CaseB

12.5 MHz 16.6 MHz 20 MHz
Item Symbol Min Typ Max Min Typ Max Min Typ Max Unit
Output low-level loL - — 10 - - 10 — — 10 mA
permissible current
(per pin)
Output low-level X loL - — 80 ~—~ — 80 — — 80 mA
permissible current
(total)
Output high-level —loH - - 20 — = 20 — — 20 mA
permissible current
(per pin)
Output high-level -2 lon - —- 25 - — 25 — — 25 mA

permissible current
(total)

Caution: To ensure LS| reliability, do not exceed the value for output current given in table 20.3.
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20.3 AC Characteristics

The following AC timing chart represents the AC characteristics, not signal functions. For signal

functions, see the explanation in the text.

20.3.1 Clock Timing

Table 204 Clock Timing

Case A: Ve =3.0t055V,AVec=3.0t05.5V, AVee = Vee £10%, AV s =3.0 Vto AV,

Vgg=AVgg =0V, ¢ =20 MHz, Ta=-20 to +75°C*)

Case B: Voo = 5.0 V£10%, AVee = 5.0 V £10%, AVec = Ve £10%, AV ger = 4.5 V to AVcc,

Vss = AVgg =0V, ¢ = 20 MHz, Ta = —20 to +75°C*)

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

Case A Case B
Sym- 12.5 MHz 16.6 MHz 20 MHz
Item bol Min Max Min Max Min Max Unit Figures
EXTAL input high level texy 20 — 10 — 10 — ns 20.1
pulse width
EXTAL input low level texL 20 — 10 — 10 — ns
pulse width
EXTAL input rise time texk — 10 — 5 — 5 ns
EXTAL input fall time tex: — 10 —_ 5 — 5 ns
Clock cycle time teye 80 500 60 500 50 500 ns 20.1,20.2
Clock high pulse width tcH 30 — 20 — 20 — ns 20.2
Clock low pulse width teL 30 — 20 - 20 — ns
Clock rise time ter — 10 — 5 — 5 ns
Clock fall time te — 10 — 5 — 5 ns
Reset oscillation settling togcy 10 — 10 — 10 — ms 20.3
time
Software standby tosce 10 — 10 — 10 — ms
oscillation settling time
HITACHI 473
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20.3.2  Control Signal Timing

Table 20.5 Control Signal Timing

Case A: Vo =3.0t05.5V, AVec=3.0t055V, AVee = Voo 210%, AV =3.0 Vto AVee,
Vgs = AVgg =0V, Ta=-20to +75°C*)

Case B: Vee = 5.0 V £10%, AVee = 5.0 V £10%, AV = Voe 210%, AVier=4.5V to AV,
Vgs = AVgg =0V, Ta = 20 to +75°C*)

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

Case A Case B
125MHz 16.6 MHz 20 MHz
Item Symbol Min Max Min Max Min Max Unit Figure
RES setup time tRess 320 — 240 — 200 — ns 204
RES pulse width tResw 20 — 20 — 20 — g
NMI reset setup time tnmirs 320 — 240 — 200 — ns
NMI reset hold time tnmirH 320 — 240 — 200 — ns
NMI setup time tnmis 160 — 120 — 100 — ns 20.5
NMI hold time tNMIH 80 — 60 — 50 - ns
IRQO0-IRQ7 setup time (edge  tigges 160 — 120 — 100 — ns
detection time)
IRQO-IRQY7 setup time (level trgs 160 — 120 — 100 — ns
detection time)
IRQO-TRQ7 hold time thgen 80 — 60 — 50 — ns
TRQOUT output delay time) thRaoo — 80 — 60 — 50 ns 206
Bus request setup time tgras 80 — 60 — 50 —_ ns 20.7
Bus acknowledge delay time 1  tgacpy — 80 — 60 — 50 ns
Bus acknowledge delay time 2 tgacpy  — 80 — 60 — 50 ns
Bus 3-state delay time tezp — 80 — 60 — 50 ns
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20.3.3 Bus Timing

Table 20.6 Bus Timing (1)

Conditions: Vec = 5.0 V £10%, AV e = 5.0 V £10%, AVc = Ve £10%, AVier = 4.5V to

AV, Vss = AVsg = 0V, ¢ = 20 MHz, Ta = -20 to +75°C*

Normal Products: Ta =-40 to +85°C for wide-temperature range products.

item Symbol Min Max Unit Figures
Address delay time tap — 20 ns  20.8,20.9,20.11-20.14,
20.19, 20.20
CS delay time 1 tcspl — 25 ns  20.8,20.9, 20.20
CS delay time 2 tespe - 25 ns
CS delay time 3 tcspa — 20 ns  20.19
CS delay time 4 tcspa — 20 ns
Access time 1 35% duty™ trpact toye X 0.65—20 — ns 208,
from read strobe
50% duty teye x0.5-20 — ns
Access time 2 35% duty™? trpaca toye X (n+1.65) — ns  20.9,20.10
from read strobe -2073
50% duty teye >53(n+1 5 — ns
-20
Access time3  35% duty™ trpaca teye X (n+0.65) — ns 2019
from read strobe -2073
50% duty teye X (n+0.5) — ns
-920'3
Read strobe delay time trsp — 20 ns 208, 20.9, 20.11-20.15,
20.19, 20.24-20.28
Read data setup time trDs 15 — ns  20.8, 20.9,20.11-20.14,
Read data hold time troH 0 —_ ns 20.19
Write strobe delay time 1 twsp1 — 20 ns 209, 20.13, 20.14,
20.19, 20.20
Write strobe delay time 2 twspz — 20 ns 209, 20.13, 20.14,
20.19
Write strobe delay time 3 twsba —_ 20 ns  20.11, 20.12
Wirite strobe delay time 4 twspa — 20 ns  20.11,20.12, 20.20
Write data delay time 1 twoD1 —_— 35 ns  20.9, 20.13, 20.14, 19
Write data delay time 2 twooz — 20 ns  20.11, 20.12
Write data hold time twpH 0 — ns 209, 20.11-20.14
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Table 20.6 Bus Timing (1) (cont)

Conditions: Ve = 5.0 V £10%, AVee = 5.0 V +10%,AV e = Vg 210%, AVgr= 4.5 V to
AVcc, Vss = AVgs =0V, ¢ = 20 MHz, Ta = —20 to +75°C*

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

item Symbol  Min Max  Unit Figures
Parity output delay time 1 twrDD1 — 40 ns  20.9,20.13, 20.14
Parity output delay time 2 twpPDD2 — 20 ns  20.11,20.12
Parity output hoid time twPDH 0 — ns  20.9,20.11-20.14
Wait setup time twrs 14 — ns 20.10, 20.15, 20.19
Wait hold time twTH 10 —_ ns
Read data access time 1 tacct toye =304 — ns  20.8,20.11, 20.12
Read data access time 2 tacce teye X (N+2) = — ns 20.9, 20.10, 20.13,
303 20.14
RAS delay time 1 tRASD1 — 20 ns  20.11-20.14,
RAS delay time 2 trasD2 - 30 ns 20.16-20.18
CAS delay time 1 tcASD — 20 ns  20.11
CAS delay time 2 tcasp2 — 20 ns  20.13, 20.14,
CAS delay time 3 tcaspa  — 20 ns 20.16-20.18
Column address setup time tasc 0 - ns 20.11, 20.12
Read data access 35% duty™ tcacy teye X0.65- — ns
19
time from CAS 1 ‘50, ity teyex05-19 —  ns
Read data access time from  tcaco toye X (N+1) - — ns  20.13, 20.14, 20.15
CAS2 2573
Read data access time from  tgacy teye x1.6~-20 — ns  20.11, 20.12
CAS 1
Read data access time from  tgaco toye X (n+2.5) — ns  20.13,20.14, 20.15
RAS 2 ~-207
High-speed page mode CAS  tcp toye X025 — ns  20.12
precharge time
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Table 20.6 Bus Timing (1) (cont)

Conditions: Vo =5.0V £10%, AVee =5.0 V £10%, AVee = Vee £10%, AV s=4.5V to
AVcce, Vgs = AVgs =0V, ¢ =20 MHz, Ta = -20 to +75°C*

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

ltem Symbol Min Max Unit Figures

AH delay time 1 tAHD1 - 20 ns 2019

AH delay time 2 taHD2 — 20 ns

Multiplexed address delay time tyap — 30 ns

Multiplexed address hold time  tpan 0 — ns

DACKO, DACK1 delay time 1 tpacps — 23 ns  20.8,20.9, 20.11-
20.14, 20.19, 20.20

DACKO, DACK1 delay time 2  tpacpe — 23 ns

DACKO, DACK1 delay time 3  tpacpa — 20 ns  20.9, 20.13, 20.14,
20.19

DACKO, DACK1 delay time 4  tpacps — 20 ns  20.11,20.12

DACKO, DACK1 delay time 5  tpacps — 20 ns

Read delay time  35% duty@ tppp —  tgx035+12 ns 208,208, 20.11-

S0% duty T tyex05+15 e 2015.20.19,2024

Data setup time for CAS tps 0% - ns  20.11,20.13

CAS setup time for RAS tcsr 10 — ns  20.16,20.17,20.18

Row address hold time trAH 10 — ns 20.11,20.13

Write command hold time tweH 15 — ns

Write command ~ 35% duty @ twcs 0 — ns  20.11

setup time 50% duty  twes 0 —_ ns

Access time from tace toye ns 20.12

CAS precharge -20

Notes: 1. HBS and LBS signals are 25 ns.

2. When frequency is 10 MHz or more.

o P w

480 HITACHI

n is the number of wait cycles.
Access time from addresses AO to A21 is tcyc-25.
-5ns for parity output of DRAM long-pitch access.
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Table 20.7 Bus Timing (2)

Conditions: Vee = 5.0 V£10%, AVcc = 5.0 V £10%, AVcc = Ve +10%, AVies= 4.5 V to
AVcc, Vss = AVgs =0V, ¢ = 16.6 MHz, Ta = —20 to +75°C*

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

item Symbol  Min Max Unit Figures
Address delay time tap — 2517 ns 20.8, 20.9, 20.11-20.14,
20.19, 20.20

CS delay time 1 tesoi — 30 ns  20.8,20.9, 20.20
CS delay time 2 tcsor —_ 25 s
CS delay time 3 tcspa —_ 25 ns  20.19
CS delay time 4 tcspa _ 25 ns
Access time 1 35% duty 2 tppact teye X0.65— — ns  20.8, 20.9,
from read strobe 26

50% duty teye Xx05-20— ns
Access time 2 35% duty 2 trpaca teye X (N + — ns  20.9,20.10
from read strobe 1.65) - 20"

50% duty teye X (N + —_ ns

1.5)—20"3

Access time 3 35% duty™ trpacs teye X (N + — ns  20.19
from read strobe 0.65)— 2073

50% duty toye X (n + —_ ns

0.5)-207
Read strobe delay time thRsp — 25 ns  20.8, 20.9, 20.19
Read data setup time tRps 15 — ns  20.8,20.9, 20.11-20.14,
Read data hold time troH 0 — ns  20.19
Wirite strobe delay time 1 twsp1 — 25 ns 20.9, 20.13, 20.14, 20.19,
20.20 _

Write strobe delay time 2 twspz —_ 25 ns  20.9,20.13, 20.14, 20.19
Write strobe delay time 3 twsoa — 25 ns  20.11,20.12
Write strobe delay time 4 twspa — 25 ns  20.11,20.12, 20.20
Write data delay time 1 twoo1 — 45 ns  20.9,20.13, 20.14, 20.19
Write data delay time 2 twpbz2 — 25 ns 20.11, 20.12
Write data hold time twoH 0 - ns  20.9,20.11-20.14
Parity output delay time 1 twpDD1 — 45 ns  20.9,20.13, 20.14
Parity output delay time 2 twppD2 — 25 ns 20.11, 20.12
Parity output hold time twerDH 0 - ns 20.9,20.11-20.14
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Table 20.7 Bus Timing (2) (cont)

Conditions: Ve = 5.0 V £10%, AVcc = 5.0 V £10%, AV e = Vec 10%, AVier= 4.5 V to

AVee, Vss=AVgg =0V, ¢ = 16.6 MHz, Ta =20 to +75°C*

Normal Products: Ta =—40 to +85°C for wide-temperature range products.

Item Symbol  Min Max Unit Figures
Wait setup time twrs 19 — ns  20.10,20.15, 20.19
Wait hold time twTH 10 — ns
Read data access time 1 tacet teye — 30%4 — ns  20.8,20.11,20.12
Read data access time 2 taccs gg'csx (n+2) - — ns  20.9,20.10, 20.13, 20.14
RAS delay time 1 tRASD1 — 25 ns  20.11-20.14,
RAS delay time 2 trAsD2 — 35 nps 20.16-20.18
CAS delay time 1 tcaspy — 25 ns 20.11
CAS delay time 2 tcasp2 — 25 ns  20.13,20.14,
CAS delay time 3 tcasps — 25 nps 20.16-20.18
Column address setup time tasc 0 — ns  20.11,20.12
Read data access 35% duty™@ teacy teye X0.65- —  ns
time from CAS 1 19
50% duty teye X0.5-19 — ns
Read data access time from  tcaco teye X (N + 1) —— ns  20.13, 20.14, 20.15
CAS 2 2573
Read data access time from  tgacy teye X 1.5-20 — ns  20.11, 20.12
RAS 1
Read data access time from  tgacz teye X (n +2.5) — ns  20.13, 20.14, 20.15
RAS 2 —-207
High-speed page mode CAS  tcp toye X025 — ns 2012
precharge time
AH delay time 1 taHD1 — 25 ns 20,19
AH delay time 2 tAHD2 — 25 ns
Multiplexed address delay time tyap — 30 ns
Multiplexed address hold time  tyan 0 — ns
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Table 20.7 Bus Timing (2) (cont)

Conditions: VCC =50V £10%, AVCC =50V £10%, AVee = VCC +10%, Ame =45Vto
AVee, Vegg=AVgs =0V, ¢ = 16.6 MHz, Ta = -20 to +75°C*

Normal Products: Ta =40 to +85°C for wide-temperature range products.

item Symbol Min Max Unit Figures
DACKO, DACK1 delay time 1 tpacps — 25 ns  20.8, 20.9, 20.11-20.14,
DACKO, DACK1 delay time 2  tpacpy — 25 ns 20.19,20.20
DACKO, DACK1 delay time 3  tpacps — 25 ns 209, 20.13,20.14, 20.19
DACKO, DACK1 delay time 4  tpacps — 25 ns 20.11,20.12
DACKO, DACK1 delay time 5  tpacps — 25 ns
Read delay time 35% duty?  tgpp — tex035+12 ns  20.8, 20.9, 20.11-20.15,
50% duty —  tyox05+15 ns 20.19, 20.24-20.28

Data setup time for CAS tps 0% — ns  20.11,20.13
CAS setup time for RAS tesr 10 — ns  20.16,20.17, 20.18
Row address hold time tRAH 10 — ns  20.11,20.13
Write command hold time tweh 15 — ns
Write command  35% duty?  twcs 0o — ns  20.11
setup time 50% duty 0o - ns
Access time from CAS tacP toye — ns 20.12
precharge —20
Notes 1. HBS and LBS signals are 30 ns.

2. When frequency is 10 MHz or more

3. nis the number of wait cycles.

4. Access time from addresses AO to A21 is tcyc-25.

5. -5ns for parity output of DRAM long-pitch access
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RD (Read)

AD15-AD0O
DPH, DPL
(Read)

DACKO
DACK1

Notes: 1.

_/ xr—7ZL—\_
< AD
XL l§<
~ W,
_lespr tosp2
| —
\ N
t *1 t
. taop lRpACH trsp
N
{
" *3
 [tace1™trps tROH
v
);
toacoi tbacp2
| 4|

For trpac1, Use teye x 0.65 — 20 (for 35% duty) or teye x 0.5 — 20 (for 50% duty)
instead of tcyc - tRDD - tRDS-

2. Fortaccy, use tey — 30 instead of teyc —~tap (Or tospt) — tros:
3. tgpn is measured from A21-A0, CSn, or RD, whichever is negated first.

Figure 20.8 Basic Bus Cycle: One-State Access
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_/_ xr___/‘i—\\'—% \__
CK
<A
A21-A0 ¢ ﬁ§<
HBS, LBS e 7
PO tcsp2
CSn —1— —
N 77
P trop | trpace™ | trsp
RD (Read) ZC
y
P tacc2™ | tros trpn ™3
AD15-ADO0 bl o —
DPH, DPL \ 7
(Read) ——M8M8M8
tDAC~D1 tpacp2
DACKO g" ‘ :;
DACK1 >§(
(Read) t :
WSD1 WSD2
RH, WRL,
WR (Write)
_twop1 twoH
AD15-AD0O =
i) /17X $—
twpDD1 twroH
«— »
DPH, DPL
(Write)
tbacoa bacos
DACKO iRk
DACK1 >§
(Write) 5

Notes: 1. Fortppaca, Use teye x (n + 1.65) — 20 (for 35% duty) or teye % (0 + 1.5) — 20 (for
50% duty) instead of teye x (N + 2) — tapp — taps.
2. Fortacco, use toye x (n + 2) — 30 instead of teye X (N + 2) —tap (or togpi) — trps-
3. trpy is measured from A21-A0, CSn, or RD, whichever is negated first.

Figure 20.9 Basic Bus Cycle: Two-State Access
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e >l > >
CK /| }’K /]
)
A21-A0 s —
HBS, [BS L )
W
Csn \ /
: 2
*i
o tRDAC?2 _
RD
(Read) 9
-
< tacce >
AD15-ADO
DPH, DPL \ % ;
(Read) __ / :
DACKO 2
DACK1 >< X
(Read) L
WRH, WRL,
WR (Write) N
\(
AD15-ADO /
DPH, DPL >—-
(Write)
DACKO R
DACK1 >< ><
(Write) —
twrs| | twrh twrs | | twrn

wAT N /F

Notes: 1. Fortrpaca, Use teye X (n+1.65) — 20 (for 35% duty) or teye X (n+1.5) — 20 (for 50%
duty) instead of tcvc x (n+2) - trop — tRDs-
2. Fortacco, use toye x (n+2) — 30 instead of tey. x (N+2) —1tap (o togpy) — tros:

Figure 20.10 Basic Bus Cycle: Two States + Wait State
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To T, Te
tap IV
A21-A0 X ){‘ Row ’ .| Column ?(
tRASD1 trasp2
S -
mAs __/ \ lRan ,_,tf*
“—iths
tasc e ] jc ASDY,
CAS */ trDD N A
. G
RD(Read) 4 - tw:H;j ;
WRH, WRL, <
WR(Read) — 7/ tpacp1 ||tpaco2
DACKO — —H
DACK{ ki X
(Read) toact® 1+ & '
. tacct 2l T
AD15-ADO tRac1™ > frpg
DPH, DPL > L A
(Read)
RD(Write) / twsRE . twspa \
WRH, WRL, — || e T ——
WR(Write) . ™
DH
AD15-ADO B -
(Write) > 7{ ,5—_-'—
twroH
twppp2 > <
DPH,DPL ———— L }
(Write) —  / 7 1
tbacos |lpacos
DACKO -
DACK1 X% X#
(Write)

Notes: 1. Fortcacy, use tgye x 0.65 — 19 (for 35% duty) or toye X 0.5 — 19 (for 50% duty)
instead of tyc — tap — tasc — trps-
2. Fortaccy, use oy — 30 instead of teye — tap — trps.
3. Fortgac, use tgye x 1.5 — 20 instead of teye X 1.5 — traspr — trps.
4. tgpy is measured from A21-AQ, RAS, or CAS, whichever is negated first.

Figure 20.11 DRAM Bus Cycle (Short Pitch, Normal Mode)
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Tp . T, T T. T T
CK 1. 4 T_/ N N e S
AL, A‘ﬁ
A21-A0 A [Row olumnX_Column olumn X_Column_X
tRASD1 e L tRasD2
RAS __/ N ;]'
J tasc| ter
CAS _/ " " Y X
trop tisp
RD(Read) 7 F‘;'(—\ /\ /S
WRH, WRL, —7 Tace, N
WR(Read) t%ACR_ 'I‘
*5
AD15-ADO «a|tacc 2 tROS| 4o ) e tRDH
DPH, DPL tract™® e : !
(Read) :
DACKO tbacp1| tpacoz2
DACK1 I IX T
(Read)
RD(Write) / .
_ t W.
WRH, WAL, wSD3 .—q SD4
WR(Write) \
t
AD15-ADO twpp2 st ‘_\L\IDH
(Write) % K X —
twpDH
DPH, DPL twPDD2 le—y %
(Write) L X X r—
DACKO tpacos tpacDs
t e
DACK1 DACDS, ———
(Write)
Notes: 1. Fortgacy, use teye x 0.65 — 19 (for 35% duty) or teye x 0.5 ~ 19 (for 50% duty)
instead of teyc —tap —tasc — tros-
2. Fortaccy, use teye — 30 instead of teye —tap — tRps.
3. Fortgacy, use tcyc x 1.5 — 20 instead of tcyc X 1.5 —tpasp1 — tRos-
4. tgpn is measured from A21~A0 or CAS, whichever is negated first.
5. tgpy is measured from A21-A0, RAS, or CAS, whichever is negated first.

Figure 20.12 DRAM Bus Cycle (Short Pitch, High-Speed Page Mode)
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CK

A21-A0

h FlowI Column X
tRan

trasD1

tRAsD2
| -RASD2

RAS

tos
tCATDQ - tcasps

K

—
[

g

CAS

troo
RD(Read)

trsp

A |

WRH, WAL,

Al t
WR(Read) WeH

*1

tcace

AD15-ADO taccz? tron™
DPH, DPL

(Read)

DACKO
DACK1
(Read)

RD(Write)

/AH, WAL,
WR(Write)

&

w

t
trac2 RDS

i tpacoz
DACDA

twsp1 e—» twsD2 ey

twop1 »

AD15-ADO
(Write)

twpDD1

JU Y] ““x?

DPH, DPL
(Write)

DACKO
DACK1 [ P
(Write)

e

tbacpa tbacD3

Notes: 1. Fortcaca, use teye X (n + 1) — 25 instead of tgye X (n + 1) —tcasp2 — trps-

2. Fortacca use teye X (n +2) — 30 instead of toye X (N + 2) — tap — tpps.

3. Fortgaca, use teye X (n +2.5) — 20 instead of teye X (n + 2.5) — traspt — trps.
4

trpw is measured from A21-AQ, CAS, or RAS, whichever is negated first.

Figure 20.13 DRAM Bus Cycle: (Long Pitch, Normal Mode)
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Tp T; Tes Teo Ter Te2
CK _/ /] N/ N/ h / \r_/ N/ N/
o | e
A21-AQ A | Row X >olumn X Column K_
RASD1
e+ tRASD2
RAS _/ s J
ASD2
t?» lcaspa L lcasps
CAS —7 " — Vrm —
RDD| | ‘___]
RD(Read) —7 tRsp ™\ V-
WRH, WRL,
WR (Read) -/ 1 —
t *2 }CACZ. 1 *4 t *5
AD15-AD0O t 3 | -ACC2 \RDS‘_ED-l ‘_RP.H
DPH, DPL RAC2 B
(Read)
DACKO E?ACD1 tnﬁcoz tbacD1 tbacD2
DACK1 p: p:
(Read)
RD(Write) _/ N
twsp1 l\quoz twsp1  {twspz
WRH, WAL, A
WR(Write)
AD15_ADO Ev_vgm J twoH }y’om iV.VDH
(Write) i
twppD1 tweoH| tweoD1 twppH
DPH, DPL ' =
(Write) 3 i
DACKO toacos tD‘ACDs fgfcoa ‘T%coa
DACK1 A A
(Write)
Notes: 1. Forticaca, use teye x (n + 1) — 25 instead of teye X (n + 1) —tcaspo — trps-
2. Fortacce, use teye x (n +2) - 30 instead of teye X (N +2) —tap — tpps.
3. Fortracy, use teys X (n +2.5) — 20 instead of teye x (n + 2.5) ~ tragpt ~ trps.
4. tgpy is measured from A21-A0 or CAS, whichever is negated first.
5. trpH is measured from A21-A0, RAS, or CAS whichever is negated first.
Figure 20.14 DRAM Bus Cycle: (Long Pitch, High-Speed Page Mode)
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AD15-ADO
DPH, DPL
(Read)

DACKO
DACK1
(Read)

RD(Write) ___/

Tw

o]

)]
Column }§

tRoD!

WRH, WRL,
WR(Write)

AD15-AD0O
(Write)

DPH, DPL
{Write)

DACKO
DACK1
(Write)

twrs

WAIT

Notes: 1.
2.

twiH  twrs
\J:—o k——j/ /F-b o

For tcaca, use teye x (n + 1) — 25 instead of tyye x (0 + 1) —tcagp2 = trps-
For tacca, use teye X (n + 2) - 30 instead of tgyc x (n + 2) —tap — trps.
3. For tRACZ’ use tcyc X (n + 25) — 20 instead of tcyc X (n + 25) - tHASD1 - tRDS'

Figure 20.15 DRAM Bus Cycle: (Long Pitch, High-Speed Page Mode + Wait State)
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1—\—/_

thasD2
/
casps
/
RH, WRL, / N\
R
Figure 20.16 CAS-before-RAS Refresh (Short Pitch)
L TRp TRr TRc . TRc
CK h N/
tRASD
RAS /
tcasps
CAS /
WRH, s
WRL, __/ \_
WR
Figure 20.17 CAS-before-RAS Refresh (Long Pitch)
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| TRp TRr TRc TRcc
CK * S o] S S S

trRASD1 trasD2

tC «
SR tcaspa
tcaspz
CAS X

N

Figure 20.18 Self Refresh
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N . T2 L N T4 -
ck ./ N N _ A x_ A4 NS /S
tap
—p4
A21-A0 X
HBS, LBS
tcsps tcsps
- >
- 7
taHD1 taHp2
AR
__ troD trsD
RD < » 4—}
(Read) \
t t
AD15-ADO i | bAcs) L teon
(Read) ¢ Address b——+— | Data [}
(input)
toaco1 tpaco2
DACKO > | —
DACK1 X X
(Read)
twsp1 twspz
RH, WRL, — -
WR (Write)
t t t
MAD Al tMilj | VDD1 WDH
AD15-ADO
(Write) — % Address —t— Data (output) X
tpacos tpacoa
DACKO hing hig]
DACK1 X
{Write) twTH
twrs
‘—
WAIT A N
Figure 20.19 Address/Data Multiplex I/O Bus Cycle
494 HITACHI

B 449L204 0055072 7le




&
L
o

|

I
o]
@
il
@
7

0
»
=

WRH, WAL,
WR (Write)

DACKO
DACK1
(Write)

tespz

twsp1

tbacos

twspa

toaco2

B

Figure 20.20 DMA Single Transfer/1 State Access Write
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Table 20.8 Bus Timing (3)

Conditions: Vcc=3.0105.5V,AVec =3.0t05.5V, AVee = Ve £10%, AV s =3.0V to
AV, Vss = AVgg =0V, ¢ = 12.5 MHz, Ta = -20 to +75°C*

Normal Products: Ta = -40 to +85°C for wide-temperature range products.

Item Symbol Min Max Unit Figures

Address delay time tap — 40 ns  20.21, 20.22, 20.24—
20.27, 20.32, 20.33

CS delay time 1 tcspi — 40 ns  20.21, 20.22, 20.33

CS delay time 2 tcspz — 40 ns

CS delay time 3 tcsps  — 40 ns 2032

CS delay time 4 tcsps — 40 ns

Accesstime 1 35% duty’! tppact teyc ¥ 0.65-35 — ns 20.21,

from read strobe oo, gty toye X 0.5 35 — ns

Accesstime2  35% duty’ trpace toye ¥ (n+1.65)-352 —  ns  20.22,20.23

from read strobe gqq, duty toye X (N+1.5)-362 —  ns

Access time3  35%duty™ tppacs teyc X (N+0.65)-352 —  ns  20.32

from read strobe g0, gty toye X (140.5) =362 — ns

Read strobe delay time trsp — 40 ns  20.21, 20.22, 20.32

Read data set-up time trps 25 — ns 20.21,20.22,

Read data hold time troH 0 — ns  20.24-20.27, 20.32

Write strobe delay time 1 twspr — 40 ns  20.22, 20.26, 20.27,
20.32, 20.33

Write strobe delay time 2 twspz — 30 ns 20.22, 20.26, 20.27,
20.32

Write strobe delay time 3 twsps — 40 ns  20.24,20.25

Write strobe delay time 4 twspsa — 40 ns  20.24, 20.25, 20.33

Write data delay time 1 twop1 < — 70 ns 20.22, 20.26, 20.27,
20.32

Write data delay time 2 twopz — 40 ns  20.24, 20.26

Write data hold time twoH -10 — ns  20.22, 20.24-20.27,
20.32

Parity output delay time 1 tweopt — 80 ns 20.22,620.24,20.27

Parity output delay time 2 twebpz — 40 ns  20.24,20.25

Parity output hold time twepn —10 — ns  20.22, 20.23-20.27
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Table 20.8 Bus Timing (3) (cont)

Conditions: VCC =30t055V, AVCC =3.0to 55V, AVCC = VCC +10%, Avref =30Vto
AVcc, VSS = AVSS =0V, ¢ =12.5 MHz, Ta = -20 to +75°C*

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

ltem Symbol Min Max Unit Figures

Wait setup time twrs 40 — ns  20.23, 20.28, 20.32

Wait hold time twh 10 — ns

Read data access time 1 tacct teyc — 44 — ns  20.21, 20.24, 20.25

Read data access time 2 tacce  teye X (n+2) — 4472 — ns  20.22,20.23, 20.26,
20.28

RAS delay time 1 trRaspt  — 40 ns  20.24-20.27, 20.29-

RAS delay time 2 trasDz — 40 ns 2031

CAS delay time 1 tcaspr  — 40 ns 20.24

CAS delay time 2 tcaspz — 40 ns  20.26,20.27, 20.29—

CAS delay time 3 tcasps — 40 ns 2031

Column address setup time  tagc 0 — ns  20.24, 20.25

Read data 35% duty’ ! tcaci  toy x0.65-35 — ns

access time from

= 50% du teye X0.5-35 - ns

CAS 1 > duty e

Read data access time from tcaco teye X (N+1) = 3572 — ns  20.26, 20.27, 20.28

CAS 2

Read data access time from tgacq teye X 1.5~ 35 — ns  20.24,20.25

RAS 1

Read data access time from tpaco  toyo x(n+2.5)-352 —  ns  20.26, 20.27, 20.28

RAS 2

High-speed page mode CAS tcp teye x 0.25 — ns 20.25

precharge time

AH delay time 1 taHpr = — 40 ns 20.32

AH delay time 2 taHD2 —_ 40 ns

Multiplexed address delay  tyap — 40 ns

time

Multiplexed address hold tmaH -10 — ns

time
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Table 20.8 Bus Timing (3) (cont)

Conditions: Voc=3.0t05.5V, AVee=3.0t0 5.5V, Voo = AVee £10%, AV =30V to
AVce, Vs =AVgs =0V, ¢ =12.5 MHz, Ta = -20 to +75°C*

Normal Products: Ta = —40 to +85°C for wide-temperature range products

Item Symbo!l Min Max Unit Figures

DACKO, DACK1 delay time 1 tpacp; — 40 ns  20.21, 20.22, 20.24—

DACKO, DACK1 delay time 2 tppcps — 40 ns 20-27,20.32,20.33

DACKO, DACK1 delay time 3 tpacps — 40 ns  20.22, 20.26, 20.27,

20.32

DACKO, DACK1 delay time 4 tpacps — 40 ns  20.24,20.25

DACKO, DACK1 delay time 5 tpacps — 40 ns

Read delay time 35% duty™ tgpp — 1ty x035+35 ns  20.21, 20.22, 20.24-
50% duty —  tyex05+35 ns 20-28,20.32

Data setup time for CAS tps 0% — ns  20.24,20.26

CAS setup time for RAS tcsh 10 — ns  20.29-20.31

Row address hold time traH 10 — ns  20.24, 20.26

Write command hold time tweH 15 — ns

Write command 35%duty ' twegs 0 @ — ns 20.24

setup time 50% duty twes 0 — ns

Access time from CAS tacp fcye — ns  20.25

precharge ~20

Notes: 1. When frequency is 10 MHz or more.
2. nis the number of wait cycles.
3. -5 ns for parity output of DRAM long-pitch access
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CK

D (Read)

AD15-ADO
DPH, DPL
(Read)

DACKO
DACK1

Notes: 1.

_tospr tcsp2
| —
\ J
*
taoo tRoact ! tRsp
i
*3
tacct™|tros tRoH
< >a—>
*
j’;
tbaco1 toaco2

For tapac1, use teye x 0.65 — 35 (for 35% duty) or ty. x 0.5 — 35 (for 50% duty)

instead of teye — troo — tros-
2. Fortacey, use teyc — 44 instead of teye — tap (or tospt) — tros.

3. tppw is measured from A21-A0, CSn, or RD, whichever is negated first.

Figure 20.21 Basic Bus Cycle: One-State Access
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<« T1 »le T2 »
o« SN
A21-A0 C 3
HBS, LBS >§r 75(
_tespr tesp2
] —
Csn N Y
 tapp o trpac2™ R  trsp
RD (Read) \L ZC
§
P tacc2™ | tros trpn™
AD15-ADO - g
DPH, DPL \ T
(Read) ———————/ ~
tDACD1 tDACDz
DACKO nangl : ’
DACK1 X
(Read)
twsp1 twspz
RH, WRL, }
WR (Write)
twop1 twoH
«—>
AD15-ADO / /
(Write) c
~ YweoD1 fwpoH
DPH, DPL ) g
(Write) /IR .}L—
tbacp tbacos
DACKO ‘
DACK1
(Write)
Notes: 1. Fortgpacz use teye X (n + 1.65) — 35 (for 35% duty) or teye x (n + 1.5) — 35 (for
50% duty) insteaJ of teye X (1 +2) — trpp — tRps-
2. Fortacco, use teye X (n +2) — 44 instead of Loy X (N + 2) —1ap (OF tesp1) — trps-
3. tgpy is measured from A21-A0, CSn, or RD, whichever is negated first.
Figure 20.22 Basic Bus Cycle: Two-State Access
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CK

A21-A0
HBS, LBS

RD
(Read)

AD15-ADO
DPH, DPL
(Read)

DACKO
DACK1
(Read)

$
Y
A
Y
3

)]

IS

W

troac2”!

)]

tacca™ o

b) H

«

WRH, WRL,
WR (Write)

AD15-ADO
DPH, DPL
(Write)

DACKQ
DACK1
(Write)

WAIT

Notes: 1.

)]
W

)

Y

p)]

A\

)

0C
/
! S
T e
X XC
-
( >

X

N ><
N

RS

™~
Ve

N \

of teye X (N +2) — trpp — tRps.

For trpacas Use teye x (n + 1.65) — 35 (for 35% duty) or teye X (n + 1.5) - 35 (for
50% duty) insteaJ

2. Fortacca, use toye x (n + 2) — 44 instead of teye X (0 + 2) —tap (0f tegp1) — tRps.

Figure 20.23 Basic Bus Cycle: Two States + Wait State
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CK

A21-A0

)
[72)

R
JU L :
|

CAS
RD(Read)

WRH, WRL,
WR(Read)

DACKO
DACK1
(Read)

AD15~-ADO
DPH, DPL
(Read)

RD(Write)
WRH, WAL,
WR(Write)

AD15-ADO
(Write)

DPH, DPL
(Write)
DACKO
DACK1
(Write)

Notes: 1.

A
N
I+ 4
rd

Row Column X

tRASD1 epie BAH

A 4

troD

_'
«| lcact
ACC1 % N

4

tract] tros| e

.
s
|

twsD3e if - twspa

twepp2 .
3

o
|

tbacps |tpacos

For tcac, Use Loy x 0.65 — 35 (for 35% duty) or teye x 0.5 — 35 (for 50% duty)
instead of toy — tap ~ tasc — trps-

2. Fortaccy, use teyc — 44 instead of teye — tap — tros:
3. Fortracy, use tgy x 1.5 - 35 instead of teye % 1.5 — tpaspt — tRps-
4. tgpy is measured from A21-A0, RAS, or CAS, whichever is negated first.
Figure 20.24 DRAM Bus Cycle (Short Pitch, Normal Mode)
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CK h_/hﬁ( 1 TN
taoy | |taey ,
A21-A0 X1 Row X ColumnX__Column X_Column X Column ¥
trasD1 - 4 tRASD2
AS —7 N 7
t|AS_9’ tcp
S =N N -
_ tRs
AD(Read) — UL /A D aN i Ve wn
WRH, WRL,
WR(Read) — Jloact |\dace N~
tacct *2 [trps 1 tROH *5
AD15-ADO IO i s e :
DPH, DPL —¢ — — —
(Read) ‘
DACKO tg:cgj tpacoz
DACK1 LD G &b G) G D G
(Read)
RD(Write) / N\
tw§311 twspa
WRH, WRL, N ;]
WR(Write) twoD2 twon
AD15-ADO iy IR
; -+ X X X o
(Write) twpDD2 twpDH
DPH, DPL “’J{ “’K —~ Y )
Write '
( ) toacos |toacos toacos
DACKO o o2
DACK1 X X XX XA
(Write)
Notes: 1. Fortcacy, use tey: x 0.65 — 35 (for 35% duty) or teye X 0.5 — 35 (for 50% duty)

o~ en

instead of teye —tap —tasc — tRps-

For tacc, use teys — 44 instead of tey: —tap — trps.

For trac1, use teye x 1.5 — 35 instead of teye X 1.5 —tRasp1 = trps.

trpH is measured from A21-AC or CAS, whichever is negated first.

trpH is measured from A21-A0, RAS, or CAS, whichever is negated first.

Figure 20.25 DRAM Bus Cycle (Short Pitch, High-Speed Page Mode)
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l‘ [
CK Jf——\_/ N N N NS
tap |.taD
< » Q—DI
A21-A0 X X [ Row Column
tRASD thesretBAH ;l trasD2
RAS / It /
+—tpg
tcASD2}e» . tcasns
CAS / taoo - d
__ tRDs
RD(Read) 7 T~
WRH, WAL o
WR(Read) —/ tcAce N
tacce:?” *4
AD15-ADO TRARg3 ol |trps DM
DPH,DPL —y A S
_ 3 '4
(Read)
t tbacp2
DACKO DACD1 >
DACK1 X X
(Read)
RD(Write) V4 \
— t 1 t
WRH, WAL, WSD1 y WSD2 [+
WR(Write) 2]‘
tWOD1 twDH
AD15-AD0 '
TN b >
(Write) —— i
t
DPH, DPL weDD1 =
’ N\ 2 —
(Write)
tbacos tbacpa
DACKO Mg Dy
DACK1 A
(Write)
Notes: 1. Fortcaca, use teye X (n + 1) — 35 instead of teye X (0 + 1) —tcagp2 — taps-
2. Fortacca, use teye x (0 +2) — 44 instead of toye X (0 +2) —tap — tRps.
3. Fortgacy, use teye x (n +2.5) — 35 instead of teye X (0 + 2.5) — tragpt — tros:
4. trpH is measured from A21-A0, CAS, or RAS, whichever is negated first.
Figure 20.26 DRAM Bus Cycle: (Long Pitch, Normal Mode)
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Tp Tr Tc1 Tc2 Tc1 TcZ
CK A [ M~/ Y S N N
A21-A0 % | Bow X solumn X Column X
o
tRASD1
> e+ tRASD2
RAS _/ N
tcasp2
- L \lcaspa lcasps
CAS —7 teob | | ] \ f
RD(Read) —7 ]P tRsD ™\ S~
WRH, WRL,
WR(Read) —/ o N
t «2 tCACZ’ t 4 t *5
AD15-AD0 N .3 ACC2 *RDS“_B'DH LBP’H
DPH, DPL RAC2 3 (
(Read) '
DACKO 1£>Aco1 ‘D_I:CDE i?ACD1 lxaAcnz
DACK1 . X X
(Read)
RD(Write) __/ N
twsp1 lv:‘lsnz twspt  |twspe
WRH, WRL, A 1 1‘
WR(Write)
AD15_ADO Ev_vam _’tv:l‘_DH fgvgm E_\QI'DH
— X }
(Write) | 7 |
5 twrpD1 twprpH| twPDD1 twpoH
DPH, DPL
(Write) E
toacps  |bacps  |'bacos  |tpacos
DACKO g g nag] -
DACK1 X : X X
(Write)
Notes: 1. Fortcaco, use teye X (n + 1) — 35 instead of teye x (n + 1) —tcagpz — tros-
2. Fortacca: use toye x (N +2) — 44 instead of teye X (n + 2) —tap — trps.
3. Fortgaca, use tgye x (n + 2.5) — 35 instead of tye X (0 + 2.5) —tgagpt — trps-
4. tppy is measured from A21-A0 or CAS, whichever is negated first.
5. trpn is measured from A21-A0, RAS, or CAS whichever is negated first,

Figure 20.27 DRAM Bus Cycle: (Long Pitch, High-Speed Page Mode)
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T | T,
CK j J N A A A\
A21-A0 X__Row Column & X
_ tros
RAS / ‘\ b)) /7
trRop K .
CAS _/ ! \ 2
RD(Read) :L
RH, WAL, 7 2
WR(Read) teace™!
tacce"?
*3
AD15-ADO ” tRace
DPH, DPL ? D
(Read)
DACKO 2
DACK1 X 2 X
(Read)
RD(Write) ___/ \
WRH, WRL, e
WR(Write) \ &
AD15-ADO &
(Write) < @ )
DPH, DPL %
(Write) \ -
DACKO 2
DACK(1 X 2 X
(Write)
twrs|{twtH  twrs ‘t_ng
WAIT \[ 1/ A N
Notes: For tcaca, use teye X (n + 1) — 85 instead of toye x (n + 1) — tcasp2 = trps-

1.
2. Fortacca, Use teye X (n +2) — 44 instead of teye X (n + 2) — tap — trps.
3. Fortgac, use tey X (n +2.5) — 35 instead of teye x (n + 2.5) — traspt — trps-

Figure 20.28 DRAM Bus Cycle: (Long Pitch, High-Speed Page Mode + Wait State)
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D
w

O
>
(2]

WRH,
WRL,
WR
Figure 20.29 CAS-before-RAS Refresh (Short Pitch)
5 Trp Ty TRe The
CK i o/ N S
tRasD2
RAS 2
tcaspa
CAS ) /
W
WRH, &
WRL, N
WR
Figure 20.30 CAS-before-RAS Refresh (Long Pitch)
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L TRp TFlr , TRc TRcc
CK /{‘- \__f \_a_4'—\__ NS S
tRasD1 trasp2
[ /—_
RAS  / t \ ”
G5R ) tcasps
tcaspz
CAS N

Figure 20.31 Self Refresh
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. N e T2 . T3 T4 N
CK _/| N N YN N/
tap
—
A21-A0
ABS, (65 X X
tcspa tcsoa
> -
CSé 17
tAHD1 tAHD2
AH
_ trop tRsD
RD - >
(Read) J
MaD it ™MAH | tRDACS thDH
AD15-ADO el I
(Read) ——1—{__ Address || } { | Data
(input)
tpACD1 tbaco2
DACKO e -
DACKH1
(Read)
twsp1 twspz
VAH, WAL, ) -
WR (Write) ¥
t 1 t
[ {MAD | tMﬁE oot WDH
AD15-AD0
(Write) Address —— Data (output) X
tpacpa toacps
— |
DACKO
DACK1 ) i
(Write) tWTH
twrs
e
WAIT A I
Figure 20.32 Address/Data Multiplex I/O Bus Cycle
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K/ R
A21-A0 -
HBS, LBS >§c ><
_tesor Icsp2
Ll Ll
Csn N /
twsps twspa
—_— 'S
H, WRL, 7
WR (Write)
toaco1 toaco2
DACKO g
DACK1 >§L
(Write) S

Figure 20.33 DMA Single Transfer/Single State Access Write

2034 DMAC Timing

Table 20.9 DMAC Timing

Case A: Ve = 30055V, AVee= 30055V, AVCC = VCC +10%, Ame =30Vto AVCCv
Vgg=AVgg =0V, Ta=-20to +75°C*

Case B: Vee =5.0 V £10%, AVee = 5.0V £10%, AVee = Voo £10%, AVier= 4.5 Vo AVcc,
Vgs=AVgg =0V, Ta=-20to +75°C*

Normal Products: Ta =—40 to +85°C for wide-temperature range products.

Case A Case B

12.5 MHz 16.6 MHz 20 MHz
Item Symbol Min Max Min Max Min Max Unit Figure
DREQO, DREQT setup time tbRgs 80 — 40 — 27 — ns 2034
DREQO, DREQ1 hold time toRgh 30 — 30 — 30 — ns
DREQO, DREQT low level width tppgw 15 — 15 — 15 — tg 2035
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|
|

DREQO, DREQ1
level —\

toros | | toraH

DREQO, DREQ1 \
edge e
toras
DREQO, DREQ1 /L
level release

Figure 20.34 DREQO, DREQ1 Input Timing (1)

DREQO, DREQt
edge

Figure 20.35 DREQO, DREQ1 Input Timing (2)
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20.3.5  16-bit Integrated Timer Pulse Unit Timing

Table 20.10 16-bit Integrated Timer Pulse Unit Timing

Case A: Ve =3.0105.5V, AVee =3.010 5.5V, AVce = Ve £10%, AVer=3.0 V to AVcc,
Vgs = AVgg =0V, Ta =20 to +75°C*

Case B: Ve = 5.0 V £10%, AVc = 5.0 V£10%, AV e = Vee £10%, AVer = 4.5 V to AVcc,
Vss = AVgs =0 V, Ta = —20 to +75°C*

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

Case A Case B

125MHz  16.6 MHz 20 MHz
Iltem Symbol Min Max Min Max Min Max Unit Figure
Output compare delay time  trocp — 100 — 100 — 100 ns 20.36
Input capture setup time trics 50 — 45 —_ 35 _ ns
Timer clock input setup time  tycks 50 —_ 50 — 50 — ns 20.37
Timer clock pulse width trckw 15 — 1.5 — 1.5 —  tey
{single edge)
Timer clock pulse width treckwr 25 2 — 25 — 25 —  ftey
(both edges)

o /N

troco

Output
compare*1

trics

Output
capture*2

Notes: 1. TIOCAQ-TIOCA4, TIOCBO-TIOCB4, TOCXA4, TOCXB4
2. TIOCAO-TIOCA4, TIOCBO-TIOCB4

Figure 20.36 ITU Input/Output Timing
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w_/ N\ /"

trcks

trcks

TCLKA-
TCLKD

P

trekwL

AL

trckwH

f 3

= Tl

Y

Figure 20.37 ITU Clock Input Timing

20.3.6 Programmable Timing Pattern Controller and I/O Port Timing

Table 20.11 Programmable Timing Pattern Controller and I/O Port Timing

Case A: Ve =3.0t05.5V, AVcc=301t055V,AVee = Voo £10%, AVes=3.0V to AVcc,
Vss=AVgg =0V, ¢ = 12.5 MHz, Ta = 20 to +75°C*

Case B: Ve = 5.0 V£10%, AVee = 5.0 V £10%, AVee = Vee £10%, AV s = 4.5 V to AVee,
Vss = AVgs = 0V, ¢ = 16.6 MHz, Ta = ~20 to +75°C*

Case C: Vo = 5.0 V £10%, AVee = 5.0 V £10%, AVee = Vee £10%, AVis=4.5V to AVce,

Vss = AVgg =0V, ¢ = 20 MHz, Ta = —20 to +75°C*

Normal Products: Ta =—40 to +85°C for wide-temperature range products.

Cases A,Band C

ltem Symbol Min Max Unit  Figure
Port output delay time tewn - 100 ns 20.38
Port input hold time trrA 50 — ns
Port input setup time ters 50 — ns
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A
A 4

CK

Ports A—C
(read)

tpwp
Ports A—C
(write)

Figure 20.38 Programmable Timing Pattern Controller Output Timing

20.3.7 Watchdog Timer Timing

Table 20.12 Watchdog Timer Timing

Case A: Voe =3.010 5.5V, AVee =3.00 5.5 V, AVcc = Ve £10%, AVer= 3.0 V to AVcc,
Vss=AVgs =0V, ¢ =12.5 MHz, Ta = -20 to +75°C*

Case B: VCC = 5.0V £10%, AVCC =50V +10%, AVCC = VCC +10%, Avref =45Vto AVCC’
Vss = AVsg =0V, ¢ = 16.6 MHz, Ta = —20 to +75°C*

Case C: Voo = 5.0 V £10%, AVee = 5.0 V £10%, AV e = Ve £10%, AVies = 4.5 V to AVee,
Vss = AVgg =0V, ¢ = 20 MHz, Ta = 20 to +75°C*

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

Cases A,Band C

Item Symbol Min Max Unit Figure
WDTOVF delay time twovp — 100 ns 20.39
CK
twovp twovp
WDTOVF

)]
W

Figure 20.39 Watchdog Timer Output Timing
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20.3.8 Serial Communications Interface Timing

Table 20.13 Serial Communications Interface Timing

Case A: Ve =3.0t1055V, AV =3.0t05.5V, AVee = Ve £10%, AVs=3.0 Vo AV,
Vss=AVgs =0V, ¢ =12.5 MHz, Ta = -20 to +75°C*

Case B: VCC =50V +10%, AVee =50V +10%, AVCC = VCC +10%, Ame =45V to AVCC’
Vss=AVsgs =0V, ¢ =16.6 MHz, Ta = -20 to +75°C*

Case C: Vo = 5.0 V +10%, AVee = 5.0 V £10%, AVec = Ve £10%, AV = 4.5 V to AVce,
Vgs = AVgg =0V, f =20 MHz, Ta = 20 to +75°C*

Normal Products: Ta =—40 to +85°C for wide-temperature range products.

Cases A,BandC

ltem Symbol Min Max Unit Figure
Input clock cycle tscye 4 — teye 20.40
Input clock cycle (clocked synchronization) tseyc 6 — teye
Input clock pulse width tsckw 0.4 0.6 tseye
Input clock rise time tsckr — 1.5 teye
Input clock fall time tscks — 1.5 teye
Transmission data delay time (clocked trxo —_ 100 ns 20.41
synchronization)
Receive data setup time (clocked thxs 100 — ns
synchronization)
Receive data hold time (clocked trxH 100 — ns
synchronization)

tsckw tsckr  tscki

SCKOo, SCK1 _/

Figure 20.40 Input Clock Timing
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tseye

SCKO, SCK1  / \ m
trxp !

TxDO, TxD1 X ><
(transmission
data) trxs | | tRxH

o> ld—n
T T

RxDO0, RxD1 =
(reception data) X ><<< a + ><

Figure 20.41 SCI 1/O Timing (Clocked Synchronization Mode)

20.3.9 A/D Converter Timing

Table 20.14 A/D Converter Timing

Case A: Vo =3.010 5.5V, AV =3.010 5.5V, AVce = Ve £10%, AVer = 3.0 V to AVee,
Vss = AVss =0V, ¢ = 12.5 MHz, Ta = 20 to +75°C*

Case B: Ve = 5.0 V£10%, AVcc = 5.0 V£10%, AVe = Vee £10%, AVer = 4.5V to AVcc,
Vss=AVgg=0V, ¢ =166 MHz, Ta=-20to +75°C*

Case C: Ve = 5.0 V£10%, AVec = 5.0 V £10%, AVee = Ve £10%, AVier= 4.5 V to AV,
Vss = AVss =0V, ¢ = 20 MHz, Ta = 20 to +75°C*

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

Cases A,Band C

ltem Symbol Min Max Unit  Figure
External trigger input start delay time ttrGs 50 — ns 20.42
A/D converter time (266 cycles) tcony — 266 toye 20.43
A/D converter time (134 cycles) tconv — 134 toye

ADTRG puise width traew 2.0 — bye  20.42
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1 cycle

« SN\ S N T

|
) ‘
ADTRG - « /
input N 0
tTRGW ;TRGS 1TRGW =;
y
ADST /

Figure 20.42 External Trigger Input Timing

tcony

A
T

tp L tspL

A
¥

No more than

3 cycles 14 cycles

>l
>t

CK
Address X ><

\ 4

Analog input
sampling Y
signals «
ADF »
S
Figure 20.43 Analog Conversion Timing
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20.3.10 AC Characteristics Measurement Conditions

lot
LSI Device under
output pin test output
l CL Vret
lon

Cy is set as follows for each pin.
30pF: CK, CASH, CASL, CS0-CS7, BREQ, BACK, AH, LRQOUT, RAS, DACKO0, DACK1

70pF: All port outputs and peripheral module output pins other than the above.
loL and lgy values are as shown in section 20.2, DC Characteristics, and table 20.3, Permitted
Output Current Values.

Figure 20.44 Output Load Circuit
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204 A/D Converter Characteristics
Table 20.15 A/D Converter Characteristics (1)

Conditions: Ve = 5.0 V £10%, AVec = 5.0 V £10%, AVe = Ve £10%, AVer = 4.5 V to
Avcc, VSS = AVSS =0V, Ta=-20to +75°C*

Normal Products: Ta = —40 to +85°C for wide-temperature range products.

12.5 MHz 16.6 MHz 20 MHz
Item Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 bit
Conversion time - - 112 = - 84 — — 67 S
Analog input capacitance - - 20 - — 20 — — 20 pF
Permissible signal-source impedance — — 3 — — 3 - — 3 kQ
Nonlinearity error - - 38 - - 8 — — 13 LSB
Offset error -_ - 88 - — B — — 3 LSB
Full-scale error - - B8 - — B3 — — 3 LsB
Quantization error - — 5 — — 05— — 5 LSB
Absolute accuracy - — 4 - — 4 — — +4 |ISB

Table 20.15 A/D Converter Characteristics (2)

Conditions: Vee =3.010 5.5V, AVec =3.010 5.5 V, AVee = Vee £10%, AVr= 3.0 V o
AVcc, Vgg = AVgg =0V, Ta=-20 to +75°C*

Normal Products: Ta = -40 to +85°C for wide-temperature range products.

12.5 MHz
Item Min Typ Max Unit
Resolution 10 10 10 bit
Conversion time —_ — 11.2 us
Analog input capacitance — — 20 pF
Permissible signal-source impedance — —_ 3 kQ
Nonlinearity error — —_ 4.0 LSB
Offset error — — 4.0 LSB
Full-scale error — — 4.0 LSB
Quantization error — — 0.5 LSB
Absolute accuracy — - 6.0 LSB
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20.5 Usage Note

The ZTAT version and the mask ROM version satisfy the electrical properties given in this
document. However, effective values of the electrical properties, the operating margin, and the
noise margin may differ with the manufacturing processes, on-chip ROM, and layout patterns.
When conducting a system evaluation test using the ZTAT version, conduct a similar evaluation
test of the mask ROM version before it replaces the ZTAT version.
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