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This amendment provides specifications for the industrial operating range at 20 MHz.
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2 80C186/80C188 Microprocessors

SWITCHING CHARACTERISTICS over INDUSTRIAL operating range

Major Cycle Timings (Read Cycle)
TA-IND = –40°C to +85°C, VCC = 5 V ±10%

Preliminary

Parameter 20 MHz

# Sym  Description Min Max Unit

General Timing Requirements (listed more than once)

1 tDVCL Data in Setup (A/D) 10 ns

2 tCLDX Data in Hold (A/D) 3 ns

General Timing Responses (listed more than once)

3 tCHSV Status Active Delay 3 29 ns

4 tCLSH Status Inactive Delay 3 29 ns

5 tCLAV Address Valid Delay 3 25 ns

6 tCLAX Address Hold 0 ns

7 tCLDV Data Valid Delay 3 25 ns

8 tCHDX Status Hold Time 10 ns

9 tCHLH ALE Active Delay 20 ns

10 tLHLL ALE Width tCLCL–15 = 35 ns

11 tCHLL ALE Inactive Delay 20 ns

12 tAVLL Address Valid to ALE Low* tCLCH–10 =
10

ns

13 tLLAX Address Hold from ALE
Inactive*

tCHCL–10 =
10

ns

14 tAVCH Addr Valid to Clock High 0 ns

15 tCLAZ Address Float Delay tCLAX = 0 17 ns

16 tCLCSV Chip-Select Active Delay 3 25 ns

17 tCXCSX Chip-Select Hold from
Command Inactive*

tCLCH–10 =
10

ns

18 tCHCSX Chip-Select Inactive Delay 3 20 ns

19 tDXDL ���  Inactive to DT/�  Low 0 ns

20 tCVCTV Control Active Delay 1** 3 22 ns

21 tCVDEX ���  Inactive Delay 3 22 ns

22 tCHCTV Control Active Delay 2** 3 22 ns

23 tCLLV ����  Valid/Invalid Delay 3 22 ns

Timing Responses (Read Cycle)

24 tAZRL Address Float to ��  Active 0 ns

25 tCLRL ��  Active Delay 3 27 ns

26 tRLRH ��  Pulse Width 2tCLCL–20=
80

ns

27 tCLRH ��  Inactive Delay 3 25 ns

28 tRHLH ��  Inactive to ALE High* tCLCH–10=
10

ns

29 tRHAV ��  Inactive to Addr Active* tCLCL–15= 35 ns

Notes:
*Equal Loading
**DEN, INTA, WR
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with CL = 50–100 pF (10–20 MHz).
For AC tests, input VIL = 0.45 V and VIH = 2.4 V, except at X1 where VIH = VCC – 0.5 V.
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Notes:
1. Status inactive in state preceding t4.
2. If latched, A1 and A2 are selected instead of PCS5 and PCS6, only tCLCSV is applicable.
3. For write cycle followed by read cycle.
4. t1 of next bus cycle.
5. Changes in t-state preceding next bus cycle if followed by write.
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4 80C186/80C188 Microprocessors

SWITCHING CHARACTERISTICS over INDUSTRIAL operating range (continued)

Major Cycle Timings (Write Cycle)
TA-IND = –40°C to + 85°C, VCC = 5 V ±10%

Preliminary

Parameter 20 MHz

# Sym  Description Min Max Unit

General Timing Responses (listed more than once)

3 tCHSV Status Active Delay 3 29 ns

4 tCLSH Status Inactive Delay 3 29 ns

5 tCLAV Address Valid Delay 3 25 ns

6 tCLAX Address Hold 0 ns

7 tCLDV Data Valid Delay 3 25 ns

8 tCHDX Status Hold Time 10 ns

9 tCHLH ALE Active Delay 20 ns

10 tLHLL ALE Width tCLCL–15 =
35

ns

11 tCHLL ALE Inactive Delay 20 ns

12 tAVLL Address Valid to ALE Low* tCLCH–10 =
10

ns

13 tLLAX Address Hold from ALE Inactive* tCHCL–10 =
10

ns

14 tAVCH Addr Valid to Clock High 0 ns

16 tCLCSV Chip-Select Active Delay 3 25 ns

17 tCXCSX Chip-Select Hold from
Command Inactive*

tCLCH–10=
10

ns

18 tCHCSX Chip-Select Inactive Delay 3 20 ns

19 tDXDL ���  Inactive to DT/�  Low 0 ns

20 tCVCTV Control Active Delay 1** 3 22 ns

23 tCLLV ����  Valid/Invalid Delay 3 22 ns

Timing Responses (Write Cycle)

30 tCLDOX Data Hold Time 3 ns

31 tCVCTX Control Inactive Delay** 3 22 ns

32 tWLWH 	�  Pulse Width 2tCLCL–20 =
80

ns

33 tWHLH 	�  Inactive to ALE High* tCLCH–14 =
6

ns

34 tWHDX Data Hold after 	� * tCLCL –15 =
35

ns

35 tWHDEX 	�  Inactive to ���  Inactive* tCLCH –10 =
10

ns

Notes:
*Equal Loading
**DEN, INTA, WR
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with CL = 50–100 pF (10–20 MHz).
For AC tests, input VIL = 0.45 V and VIH = 2.4 V, except at X1 where VIH = VCC – 0.5 V.
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80C186/80C188 Write-Cycle Waveforms
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(Note 1)
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Notes:
1. Status inactive in state preceding t4.
2. If latched, A1 and A2 are selected instead of PCS5 and PCS6, only tCLCSV is applicable.
3. For write cycle followed by read cycle.
4. t1 of next bus cycle.
5. Changes in t-state preceding next bus cycle if followed by read, INTA, or halt.
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6 80C186/80C188 Microprocessors

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (continued)
Major Cycle Timings  (Interrupt Acknowledge Cycle)
TA = –40°C to +85°C, VCC = 5 V ±10%

Preliminary

Parameter 20 MHz

# Sym  Description Min Max Unit

80C186 General Timing Requirements (listed more than once)

1 tDVCL Data in Setup (A/D) 10 ns

2 tCLDX Data in Hold (A/D) 3 ns

80C186 General Timing Responses (listed more than once)

3 tCHSV Status Active Delay 3 29 ns

4 tCLSH Status Inactive Delay 3 29 ns

5 tCLAV Address Valid Delay 3 25 ns

6 tCLAX Address Hold 0 ns

7 tCLDV Data Valid Delay 3 25 ns

8 tCHDX Status Hold Time 10 ns

9 tCHLH ALE Active Delay 20 ns

10 tLHLL ALE Width tCLCL–15 = 35 ns

11 tCHLL ALE Inactive Delay 20 ns

12 tAVLL Address Valid to ALE Low* tCLCH–10 =
10

ns

13 tLLAX Address Hold from ALE Inactive* tCHCL–10 =
10

ns

14 tAVCH Addr Valid to Clock High 0 ns

15 tCLAZ Address Float Delay tCLAX = 0 17 ns

19 tDXDL ���  Inactive to DT/�  Low* 0 ns

20 tCVCTV Control Active Delay 1** 3 22 ns

21 tCVDEX ���  Inactive Delay
(Non-Write Cycles)

3 22 ns

22 tCHCTV Control Active Delay 2** 3 22 ns

23 tCLLV ����  Valid/Invalid Delay 3 22 ns

31 tCVCTX Control Inactive Delay** 3 22 ns

Notes:
*Equal Loading

**DEN, INTA, WR
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with CL = 50–200 pF (10 MHz) and CL = 50–100 pF (12.5–20 MHz).
For AC tests, input VIL = 0.45 V and VIH = 2.4 V, except at X1 where VIH = VCC – 0.5 V.
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80C186/80C188 Interrupt Acknowledge Cycle Waveforms

 (Note 6)

(Note 1)
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Notes:
1. Status inactive in state preceding t4
2. The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to tCLDX (min).
3. INTA occurs one clock later in Slave Mode.
4. For write cycle followed by interrupt acknowledge cycle.
5. LOCK is active upon t1 of the first interrupt acknowledge cycle and inactive upon t2 of the second interrupt acknowledge cycle.
6. Changes in t-state preceding next bus cycle if followed by write.
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8 80C186/80C188 Microprocessors

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (continued)
Software Halt Cycle Timings
TA = –40°C to 85°C, VCC = 5 V ±10%

Preliminary

Parameter 20 MHz

# Sym  Description Min Max Unit

80C186 General Timing Responses (listed more than once)

3 tCHSV Status Active Delay 3 29 ns

4 tCLSH Status Inactive Delay 3 29 ns

5 tCLAV Address Valid Delay 3 25 ns

9 tCHLH ALE Active Delay 20 ns

10 tLHLL ALE Width tCLCL–15 = 35 ns

11 tCHLL ALE Inactive Delay 20 ns

19 tDXDL ���  Inactive to DT/�  Low* 0 ns

22 tCHCTV Control Active Delay 2** 3 22 ns

Notes:
*Equal Loading

**DEN, INTA, WR
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with CL = 50–200 pF (10 MHz) and CL = 50–100 pF (12.5–20 MHz).
For AC tests, input VIL = 0.45 V and VIH = 2.4 V, except at X1 where VIH = VCC – 0.5 V.
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10 80C186/80C188 Microprocessors

SWITCHING CHARACTERISTICS over INDUSTRIAL operating range (continued)
Clock Timings
TA-IND = –40°C to +85°C, VCC = 5 V ±10%

Preliminary

Parameter 20 MHz

# Sym  Description Min Max Unit

CLKIN Requirements
Measurements taken with: external clock input to X1 and X2 not con-
nected (Float).

36 tCKIN CLKIN Period 25 ns

37 tCLCK CLKIN Low Time 1.5 V(2) 7 ns

38 tCHCK CLKIN High Time 1.5 V(2) 8 ns

39 tCKHL CLKIN Fall Time 3.5 – 1.0 V 5 ns

40 tCKLH CLKIN Rise Time 1.0 – 3.5 V 5 ns

CLKOUT Timing

41 tCICO CLKIN to CLKOUT Skew 17 ns

42 tCLCL CLKOUT Period 50 ns

43 tCLCH CLKOUT Low Time
CL= 50 pF(3)

0.5 tCLCL – 5
= 20

ns

CL= 100 pF(2) 0.5 tCLCL – 7
= 18

44 tCHCL CLKOUT High Time
CL= 50 pF(3)

0.5 tCLCL – 5
= 20

ns

CL= 100 pF(4) 0.5 tCLCL – 7
= 18

45 tCH1CH2 CLKOUT Rise Time
1.0 – 3.5 V

8 ns

46 tCL2CL1 CLKOUT Fall Time
3.5 – 1.0 V

8 ns

Notes:
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with CL = 50–100 pF (10–20 MHz).
For AC tests, input VIL = 0.45 V and VIH = 2.4 V, except at X1 where VIH = VCC – 0.5 V.
1. tCLCK and tCHCK (CLKIN Low and High times) should not have a duration less than 40% of tCKIN.
2. Tested under worst case conditions: VCC=5.5 V @ 20 MHz, TA=70°C.
3. Not tested.
4. Tested under worst case conditions: VCC=4.5 V @ 20 MHz, TA =0°C.
5. To guarantee proper operation.
6. To guarantee recognition at clock edge.
7. To guarantee recognition at next clock.
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SWITCHING CHARACTERISTICS over INDUSTRIAL operating range (continued)
Ready, Peripheral, and Queue Status Timings
TA-IND = –40°C to +85°C, VCC = 5 V ±10%

Preliminary

Parameter 20 MHz

# Sym  Description Min Max Unit

Ready and Peripheral Timing Requirements

47 tSRYCL SRDY Transition Setup Time(5) 15 ns

48 tCLSRY SRDY Transition Hold Time(5) 10 ns

49 tARYCH ARDY Res. Transition Setup
Time(6)

10 ns

50 tCLARX ARDY Active Hold Time(5) 10 ns

51 tARYCHL ARDY Inactive Holding Time 10 ns

52 tARYLCL ARDY Setup Time(5) 20 ns

53 tINVCH Peripheral Setup(6): INTx, NMI,
TMR IN, ���� /BUSY

15 ns

54 tINVCL DRQ0, DRQ1 Setup Time(6) 15 ns

Peripheral and Queue Status Timing Responses

55 tCLTMV Timer Output Delay 22 ns

56 tCHQSV Queue Status Delay 23 ns

All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with CL = 50–100 pF (10–20 MHz).
For AC tests, input VIL = 0.45 V and VIH = 2.4 V, except at X1 where VIH = VCC – 0.5 V.
Notes:
1. tCLCK and tCHCK (CLKIN Low and High times) should not have a duration less than 40% of tCKIN.
2. Tested under worst case conditions: VCC=5.5 V @ 20 MHz, TA=70°C.
3. Not tested.
4. Tested under worst case conditions: VCC=4.5 V @ 20 MHz, TA =0°C.
5. To guarantee proper operation.
6. To guarantee recognition at clock edge.
7. To guarantee recognition at next clock.
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Synchronous Ready (SRDY) Waveforms
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Peripheral and Queue Status Waveforms
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14 80C186/80C188 Microprocessors

SWITCHING CHARACTERISTICS over INDUSTRIAL operating range (continued)
RESET and HOLD/HLDA Timings
TA-IND = –40°C to +85°C, VCC = 5 V ±10%

Preliminary

Parameter 20 MHz

# Sym  Description Min Max Unit

RESET and HOLD/HLDA Timing Requirements

57 tRESIN RES Setup 10 ns

58 tHVCL HOLD Setup(7) 10 ns

15 tCLAZ Address Float Delay 0 17 ns

5 tCLAV Address Valid Delay 3 25 ns

RESET and HOLD/HLDA Timing Requirements

61 tCLRO Reset Delay 22 ns

62 tCLHAV HLDA Valid Delay 3 22 ns

63 tCHCZ Command Lines Float Delay 25 ns

64 tCHCV Command Lines Valid Delay
(after Float)

25 ns

Notes:
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with CL = 50–100 pF (10–20 MHz).
For AC tests, input VIL = 0.45 V and VIH = 2.4 V, except at X1 where VIH = VCC – 0.5 V.
1. tCLCK and tCHCK (CLKIN Low and High times) should not have a duration less than 40% of tCKIN.
2. Tested under worst case conditions: VCC = 5.5 V @ 20 MHz, TA=70°C.
3. Not tested.
4. Tested under worst case conditions: VCC = 4.5 V @ 20 MHz, TA =0°C.
5. To guarantee proper operation.
6. To guarantee recognition at clock edge.
7. To guarantee recognition at next clock.
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80C186/80C188 HOLD/HLDA Waveforms (Entering HOLD)
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80C186/80C188 HOLD/HLDA Waveforms (Leaving HOLD)
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